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Preparation and Anti-Insulin Activity of Lipoprotein Fractions from 


Rat Serum.* 


(24813) 


M. E. Kraut, M. E. Tsar AND E. BREGMAN 
(With technical assistance of John A. Dickey) 
Dept. of Physiology, University of Chicago, Ill. 


Lipoprotein fractions from diabetic rat se- 
rum have been reported to inhibit glucose 
utilization by muscle(1) and by hexokinase in 
cell-free systems(2). The role of lipoproteins 
as regulators of enzyme activity is now under 
examination(3,4,5,6). These studies have 
been handicapped by the fact that published 
fractionation and test procedures require dia- 
betic serum as starting material and are not 
sufficiently explicit to yield products which 
are always inhibitory. The present paper 


* This investigation was aided by grants from Life 
Insurance Medical Research Fund, Eli Lilly and Co., 
and the Dr. Wallace C. and Clara A. Abbott Memorial 
Fund, Uniy, of Chicago. 


describes methods for preparation of uni- 
formly inhibitory fractions; they are appli- 
cable not only to diabetic, but also to normal 
rat serum. Ability of inhibitory fractions to 
block insulin action on muscle has been esti- 
mated. 

Methods and results. Measurements of 
glucose uptake. Fractions have been tested 
for ability to inhibit glucose uptake by dia- 
phragms of normal rats, especially in presence 
of small concentrations of insulin. Strain, sex, 
weight, and feeding schedule of rats, environ- 
mental temperature, removal of diaphragms 
and their handling and incubation must be 
scrupulously standardized, Experimental de- 
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tails essential for reproducibility follow. Dia- 
phragm donors were male Sprague-Dawley 
rats, received as groups of 24 to 36 born on 
same day and kept in laboratory 7-14 days at 
25°C, food available at all times. Rats 
used on given day were fasted 24 hours; 
individuals within weight range of 95-105 


ge were selected; animals below 90 g 
yielded unsatisfactory results. Weight 
range was constant. Insulin — solutions 


were prepared fresh daily by dilution of Iletin 
(Insulin, Lilly), 80 units/ml, with Krebs-bi- 
carbonate solution; dilutions were made to 
minimize loss of insulin on glass. To prevent 
chance insulin pollution all glass vessels were 
washed in chromic acid; electrodes of pH me- 
ter were washed with 1 N NaOH and then 
with 1 N HCl (in 50% ethanol) before each 
preparative run. All plastic tubes were new; 
all syringes and needles were soaked 24 hours 
or more in alkaline detergent after use. Rat 
sera. In extending original work(1) rats with 
severe alloxan diabetes, prepared as before 
(5), were used. Blood was obtained from 
heart, allowed to clot 5 minutes at 25°C, then 
centrifuged (4500 g) 15 minutes at 5°. All 
subsequent operations were carried out at 5° 
or below until incubation of diaphragms was 
-begun. Samples representing desired degree 
of diabetes (as judged by serum sugar(8) 
level) and having desired lipide(5,9) content 
(see below) were pooled for fractionation. 
Fractions to be tested were dissolved in pro- 
tein-containing medium to replace normal 
milieu of fraction, at first in diabetic rat se- 
rum from which inhibitory activity had been 
removed by repeated freezing and thawing(5, 
10), then, for simplicity, in 6% solutions of 
Armour bovine fraction V (crude albumin) in 
Krebs-bicarbonate buffer. Several lots of 
fraction V were tried; lot No. M-12011 was 
satisfactory without further treatment; lot 
No. R-14005 was satisfactory when 7.3% so- 
lution in Krebs salt solution (without bicarbo- 
nate or COs.) was dialysed 2 hours at 5° 
against the same salt solution, protein concen- 
tration being adjusted to 6% and bicarbonate 
concentration to that of Krebs solution before 
incubation; glucose concentration was 600 
mg % to facilitate comparison of inhibitory 


effects of diabetic sera and fractions there- 
from. Commercial samples of crystalline bo- 
vine albumin inhibited glucose uptake of dia- 
phragms. Each sample of pooled serum and 
each precipitated fraction (in volume of Krebs 
salt solution without bicarbonate equal to that 
of parent serum) was subjected to zone elec- 
trophoresis on paper(5); results are summar- 
ized in terms of 2 fractions: albumin plus a- 
globulin (Aa) and £-globulin plus y-globulin 
(By). Other analyses were: total protein 
(11), total and free cholesterol(12), phospho- 
lipide(13), total(9) and _ protein-bound(5) 
lipids. The protein-bound lipids, as here de- 
fined, averaged 83% of total lipide. Precipi- 
tation of inhibitory fractions. Initial reports 
on separation of inhibitor from diabetic rat 
serum stated that activity was obtained in 
Cohn combined fraction I, II, I11(1,2). Here, 
the first attempts to repeat and extend these 
observations were unsuccessful. Diabetic rat 
sera were subjected to Oncley-Cohn procedure 
for precipitation of combined fraction I, II, 
III from normal human plasma(14,15). Six- 
teen samples of the fraction were prepared 
and dissolved in frozen-thawed(5) diabetic se- 
rum for test of inhibitory activity; 8 were in- 
hibitory and 8 were inactive, average inhibi- 
tion when present being 1.2 mg/g diaphragm/ 
hour. Inhibitory activity tended to be asso- 
ciated with a high ratio of B- to a-lipoprotein 
in the fraction, and vice versa. The clue to 
preparation of uniformly inhibitory fractions 
was found in 2 modifications: preparation of 
fractions with all practicable speed, and use 
of slightly lower alcohol concentration and 
higher ionic strength than employed for hu- 
man plasma(14,15). Electrophoretic patterns 
for fractions prepared from rat serum by On- 
cley-Cohn, and by present method are shown 
in Fig. 1. Procedure selected for precipita- 
tion and test of inhibitory fractions from rat 
sera was as follows. 1. Precipitating reagent 
was made up fresh daily and cooled to —5°. 
It contained 10 ml 95% ethanol, .15 ml .8 M 
sodium acetate-acetic acid buffer (pH 4), 1 
ml .06 M NaCl, .08 ml 1 M acetic acid; the 
volume was made to 50 ml with water. 2. 
Samples of rat serum containing less than 700 
mg % protein-bound lipide were pooled and 
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FIG. 1. Zone electrophoresis patterns for sera 
and inhibitory fractions after staining for lipides 
(5). The origin is at 0. No. 194, 195, 181 refer to 
same experiments as in Tables I-IT. Exp. 194, fast- 
ing normal rats: 1, serum; 2, fraction prepared by 
present modified Onecley-Cohn method; 3, fraction 
from same serum by original Oncley-Cohn method; 
0.02 ml serum or solution of fraction was used for 
each run. Exp. 195, fasting normal rats: 1, serum; 
2, fraction by present method; 0.03 ml serum or 
fraction. Exp. 181, fasting diabetic rats: 1, serum; 
2, fraction by present method; 0.013 ml serum or 
fraction. For other details see text. : 

FIG. 2. Relation of glucose uptake of dia- 
phragms from normal fasting rats to insulin con- 
centration in incubation medium. A, in Krebs- 
bicarbonate medium; B, in a solution of 6% Ar- 
mour bovine fraction V in Krebs-bicarbonate; C, in 
diabetic rat serum which had been repeatedly fro- 
‘zen and thawed. Glucose concentration was 600 
mg % except in A, curve 2, where it was 300 mg %. 
Length of each vertical line represents 2 standard 
errors, one on each side of mean. For other details, 
see text. 


chilled to 0°. Samples with obvious hemolysis 
were excluded. The fractionation must be 
begun within less than 1 hour after blood is 
drawn. 3. Two-tenths ml of pooled serum 


was mixed with .8 ml of precipitation reagent, 
4 ml of .15 M NaCl were added, pH read at 
25°; if pH was not 6.2 + 0.2, 1 M acetic acid 
was added to the reagent, pH test was re- 
peated; this was continued until a reagent 
giving proper pH was obtained. The maxi- 
mum amount of 1 M acetic acid required/50 
ml was about .16 ml for diabetic serum and 
.23 ml for normal serum. These preliminary 
tests must be carried out before precipitation 
of main pooled serum sample is begun, and 
with greatest expedition, 7.e., in 10-15 minutes 
or less. 4. Four volumes of adjusted precipita- 
tion reagent were added dropwise with stir- 
ring at —5° to main pooled serum samples dur- 
ing 10 minutes. The mixture was stirred a 
further 5 minutes, then centrifuged promptly 
at 8000 g for 5 minutes at —5°. 5. The pro- 
tein precipitate was redissolved in a solution 
of bovine fraction V to give a volume equiva- 
lent to that of serum from which it was pre- 
pared. By trial it was found that the pre- 
cipitate contributed about 10% of final vol- 
ume, and 20-25% of protein of the solution; 
volume and concentration of fraction V solu- 
tion were adjusted accordingly to make total 
protein concentration 6%. 6. One ml of so- 
lution of the protein fraction to be tested was 
transferred to each incubation beaker at 5°. 
Diaphragms were then removed from donor 
rats, pre-soaked(7) 15 minutes at 5°, and 
transferred to incubation beakers containing 
the solution of fraction V, or fraction V plus 
fraction under test; each incubation beaker 
received 2 halves of diaphragm from one rat. 
All samples were then incubated with shaking 
at 37° for 1 hour, removed, chilled and ana- 
lyzed for glucose disappearance(5). Three 
to 6 aliquots of medium containing the frac- 
tion were incubated in this manner concur- 
rently with the same number of aliquots of 
the medium without fraction. 

Inhibitory activity of fractions from dia- 
betic rat sera (Table I) was not correlated 
with protein-bound lipide or glucose levels of 
sera. When this was settled, fractions were 
prepared from serum of fasting normal rats; 
these were just as inhibitory as fractions from 
diabetic rat sera. No inactive (non-inhibi- 
tory) fractions have been obtained with above 
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TABLE TI. Inhibitory Activity of Fractions from Diabetie or Normal Rat Sera of Varying 
Lipide and Glucose Content. Experiments have same numbers as in Table II and Fig. 1; ar- 
ranged in the order as performed. For details, see Methods. 


Glucose uptake of diaphragms, 
meg/g/hr + §.H.* 


Protein-bound 


lipi 


serum Sa mple, 


Glucose of pooled 
serum sample, 


de of pooled 


mg % mg % 
In albumin + 0.0003 unit Range of Range of pH at which 
insulin/ml Inhibi- individual individual fraction 
Exp. No. + fraction tion Avg sera Avg sera was made 
Fractions from diabetic rat serum 
173 7.3 + .45 Oa) ae olly/ 1.0 240 2380- 245 488 308- 625 5.9 
176 (9) ae On 6.5 + .22 1.4 728 545-1100 755 542-1122 6.0 
178 8.1 + .32 Ud) ae cll igi 600 275-1060 1100 885-1325 6.1 
180 O48 Se Gif 5.4 + .04 1.2 356 302— 430 1010 659-1512 6.0 
181 7.9 + .28 6.4 + .23 1.5 285 278— 288 1015 680-1435 5.9 
183 Holl ae AU 6.8 + .23 9 277 255— 345 670 516— 902 6.2 
184 8.0 + .09 OH = 615) 1.8 344 240- 550 990 510-1545 6.0 
Means 7.644 .13t 6.374% .12t 1.27 
Fractions from normal rat serum 
190 (ed.23 all 6.1 + .14 1.4 260 250-266 116 0 =©6114-124 6.0 
191 US Se (Ail O15 a= lil Tall 252 244-261 113 97-156 6.1 
193 (leva giléb  _ OeP eae £ 252 248-258 109 76-140 6.1 
194 Origa eke 5.8 + .37 9 244 237-256 104 81-140 6.2 
195 Wee a= 51 6.8 + .27 1.0 258 222-278 99 74-124 6.2 
198 7.8 + .36 6.5 + .36 1.3 258 244-273 115 87-130 6.1 
199t 7.8 + .36 6.5 + .06 1.3 255 244-278 142 115-206 6.1 
Means 7.504 .16§ 6.374 .12§ 1.13 


* Mean + stand. error for all control samples in albumin alone was 6.4 + 0.04. 
+ P value for the difference, as estimated by Fisher procedure for small numbers, is less than 


0.001. 


¢{ Serum donors in this experiment had food available until time of bleeding. 


§ P value for difference is less than 0.001. 


procedure under conditions shown. However, 
non-inhibitory fractions could be obtained if 
sera were kept at room temperature for 1 or 
more hours before fractionation, if the frac- 
tion was exposed to ethanol solution for 30 
minutes or more, or if individual sera with 
protein-bound lipide values above 1100 mg 
% were included in serum pool. These experi- 
ments show that inhibition is not an artifact 
arising from the reagents. Inhibitory frac- 
tions could be stored at —5° as precipitated 
protein cake (before re-solution in crude albu- 
min medium) for 4 days without loss of ac- 
tivity. 

Inhibitory activity of 8-fraction was en- 
hanced by i.p. injection into serum donor of 2 
mg growth hormone, half at 24 hours, half at 
3 hours prior to sacrifice. In 2 experiments 
(12 diaphragms) average inhibition of glucose 
uptake was 3.6 mg/g/hour as compared with 
1.1 for uninjected controls. Adrenocorticotro- 
phic and thyrotrophic hormones at same dose 
had no effect.t It was previously shown that 


inhibitory activity of diabetic serum was re- 
lated to growth hormone(6,10). 

Lipides of inhibitory fractions. Inhibitory 
activity was clearly not dependent on presence 
of albumin or a-globulin electrophoretic com- 
ponents, as inhibitory fractions free of Aa- 
proteins or lipides could be prepared from 
either diabetic or normal rat serum (Fig. 1, 
Table II). In fact, inhibitory @-fractions 
could be obtained from normal serum which 
was not in itself inhibitory. The Aa-fractions 
thus tended to prevent inhibition by the ,- 
fraction. Protein and lipides of inhibitory 
fractions of Table I were further analyzed. 
For solutions of By-fraction in a volume of 
solution equal to that of original serum, mean 
values were (g/100 ml), for fractions from 
diabetic serum: protein, 1.34; total lipide, 
332; cholesterol, .016 free, .43 esters; phos- 
pholipides, .024. For fractions from normal 


t Growth hormone (Lot no. M208), ACTH (Lot 
no. 212-10) and TSH (Lot no. 6) were kindly sup- 
plied by Dr. Irby Bunding, Armour Labs. 
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TABLE II. Distribution of Protein-Bound Lipide 
between Ag- and @y-Electrophoretic Components 
of Sera and of Inhibitory Fractions. Values ex- 
pressed as. g of protein-bound lipide/100 ml of 
serum or solution of fraction in Krebs-bicarbonate 
medium (see Methods). Experiments have same 
numbers, arranged in the same order, as in Table I. 


Inhibitory — 
Pooled serum fraction 
Exp. No. Aa By Aa BY 
Samples from diabetic rats 
3 {Giant moe .012 .019 
176 194 478 .102 .438 
178 .060 486 012 478 
180 073 284 00 185 
181 .080 205 .00 3 ay 
183 Alley) 128 .070 .066 
184 064 325 .00 316 
Means . 100 .299 019 200 
Samples from normal rats 

190... .070 195 00 sll aie 
191 .109 sli 7 00 .063 
193 .118 174 O11 .099 
194 .120 175 .00 .100 
195 .075 .202 .00 Eloi 
198 APAL 144 00 163 
199 107 195 .00 187 
Means .103 181 .002 125 


serum they were: protein, 1.31; total lipide, 
.150; cholesterol, .017 free, .034 esters; phos- 
pholipides, .030. The corresponding lipide 
values for normal rat serum were: total, .343; 
cholesterol, .032 free, .074 esters; phospho- 
lipide, .099. The fact that non-inhibitory 
fractions with electrophoretic patterns, not 
significantly different from those for inhibi- 
tory fractions, can be obtained from stored 
serum suggests that inhibition is associated 
with some component of {£-lipoprotein which 
is quantitatively minor or with some particu- 
lar molecular arrangement not revealed by 
methods hitherto applied. 

Interaction between insulin and inhibitory 
fractions. Serum fractions inhibitory toward 
glucose uptake negated stimulatory effect of 
measurable amount of insulin. Dose-response 
curves (Fig. 2) relating concentration of in- 
sulin to glucose uptake of normal diaphragm 
were constructed for 3 incubation ‘media: (a) 
Krebs-bicarbonate buffer, (b) 6% solution of 
Armour’s bovine fraction V in Krebs-bicarbo- 
nate buffer, and (c) diabetic rat serum in 
which inhibitory activity had been destroyed 
by repeated freezing and thawing(5,10). 
Then fractions to be evaluated were dissolved 


in one of these media containing appropriate 
low concentration of insulin; glucose uptake 
of normal diaphragms in this solution was 
measured, and inhibition relative to concur- 
rent control without the fraction was obtained. 
The amount of insulin corresponding to this 
reduction in rate of glucose uptake was esti- 
mated from dose-response curve; accuracy of 
the estimate is limited by flatness of curve. 
In the 6% fraction V solution, average inhibi- 
tion induced by the fraction from 1 ml of dia- 
betic rat serum was 1.3 mg/g muscle/hr 
(Table I). Fractions from normal rat serum 
were not significantly less inhibitory. From B 
(Fig. 2) this inhibition corresponded to nega- 
tion 0.0003 unit of insulin/ml. In prelimi- 
nary tests mentioned above, in which frozen- 
thawed diabetic serum was used as solvent for 
the inhibitory fraction the average inhibition 
was 1.2 mg/hr. From C (Fig. 2) this also 
corresponded to negation of about .0003-.0004 
unit insulin/ml. 

An independent estimate of amount of in- 
sulin blocked by the inhibitor of diabetic rat 
serum can be obtained from the difference in 
glucose uptake of normal diaphragms in dia- 
betic rat serum, and in diabetic rat serum 
after inactivation of inhibitor by storage or 
freezing and thawing. In 2 series(5) values 
of the difference were 1.3 and 1.6, average of 
1.45 mg/g/hour. From C (Fig. 2) this would 
correspond to freeing of .0007 unit of insu- 
lin/ml when total inhibitor in whole serum 
was inactivated. Since both estimates are 
likely to be minimal rather than maximal, it 
is provisionally concluded that the inhibitor 
in 1 ml of fasting rat serum can prevent stimu- 
latory effect on muscle of at least .0004 to 
.00O1 unit of insulin. 

The relation of these inhibitory lipoprotein 
fractions to the physiological action of insulin, 
and to other substances which interact with in- 
sulin has been discussed (6,16). 

Summary. 1. Procedures for routine prepa- 
ration from rat serum of fractions uniformly 
inhibitory to glucose uptake of rat diaphragm 
have been developed; it was possible to ob- 
tain such fractions not only from diabetic rat 
serum, as previously reported, but also from 
normal rat serum. Inhibitory activity of frac- 
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tions from normal serum was enhanced by 
prior treatment of serum donor with pituitary 
growth hormone; adrenocorticotrophic hor- 
mone or thyrotrophic hormone had no such 
effect. 2. Inhibitory fractions had gross prop- 
erties of 8-lipoproteins and could be prepared 
free of lipides having electrophoretic mobility 
of albumin or a-globulins. Average ratio of 
total lipide to protein was .25 for fractions 
from diabetic rat serum and .11 for fractions 
from normal rat serum; phosphatide/total 
lipide ratio was lower in such fractions than 
in parent sera. Relation of inhibitory activity 
to lipide content requires further clarification, 
as inhibitory activity may be lost by delay 
during preparation of fractions without signifi- 
cant change of lipide content or electrophoretic 
behavior of fractions. 3. Inhibitory fractions 
interfered with stimulatory action of insulin 
on diaphragm muscle. The fraction from 1 
ml of diabetic or normal rat serum nullified the 
stimulatory effect of at least .0004-.001 unit 
of insulin. 
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Net Synthesis of Heme from Protoporphyrin and Iron by Extracts of 


Duck Erythrocytes.* 


(24814) 


J. RAYMOND KLEIN 
Biology Dept., Brookhaven National Lab., Upton, N. Y. 


Hemin obtained from incubated mixtures 
containing labeled ionic iron, protoporphyrin, 
and preparations of avian erythrocytes was 
found to contain appreciable labeled iron; 
when the porphyrin or cell preparation was 
omitted from mixtures, or mixtures were not 
incubated, little labeled iron was recovered as 
hemin(1-4). From these findings and others, 
in particular the heat-lability of the cell prepa- 
rations, it was inferred that in avian erythro- 
cytes protoporphyrin and ionic iron are the 

* Supported by the U. S. Atomic Energy Comm. 


immediate precursors of protoheme and that 
some component(s) of the erythrocytes, par- 
ticipates in heme formation. The inferences 
are reasonable; however, the evidence, at least 
for formation of heme from the presumed pre- 
cursors, would be supplemented by establish- 
ing net synthesis of heme from protoporphyrin 
and iron in the presence of red-cell prepara- 
tions. In particular, net synthesis would rule 
out the possibility that the recovery of labeled 
iron as hemin indicated above arose from arti- 
fact. The present report provides evidence 


HEME SYNTHESIS BY ERYTHROCYTES i 


for net synthesis of heme from iron and proto- 
porphyrin in the presence of soluble material 
from duck erythrocytes. 

Methods. Extracts of red cells were made 
as follows(2): at. 1-4° cells were mixed with 
2 volumes of water and let stand 30 minutes. 
One part of 1.72 M potassium chloride was 
added per 100 parts of added water. The mix- 
ture was centrifuged at about 3 x 10* x g for 
30 minutes. The sediment was washed twice 
in the centrifuge with 0.156 M potassium 
chloride and suspended in an equal volume of 
the dilute chloride. Tween 20, 0.4 ml/100 
ml of suspension, was added. The mixture 
was let stand overnight and then centrifuged 
at 3 x 10* x g. The supernate was used in 
the tests for heme synthesis. Test for synthe- 
sis was carried out as follows: In the cold suf- 
ficient solid potassium bicarbonate was added 
to the extract to make concentration 0.1 M. 
The mixture was gassed with 5% COz in nitro- 
gen for 5 minutes. In each of a number of 
25 ml beakers was placed 28 micromoles of 
cysteine hydrochloride plus equivalent bi- 
carbonate, 1 ml of solution containing about 
250 millimicromoles of protoporphyrin(5), 
and 1 ml of solution containing a roughly 
equivalent amount of iron. Both solutions 
were prepared just before use. The iron, as 
ferrous ammonium sulfate alone or, when ra- 
dioactive iron (Fe®®) was used, as a mixture 
of the sulfate and ferric chloride, was dissolved 
in 10-* M hydrochloric acid plus 0.13 M po- 
tassium chloride. The porphyrin was dis- 
solved in 0.015 M ammonium hydroxide plus 
0.1 M bicarbonate. Shortly after addition of 
the other materials, a 12 ml portion of the 
gassed extract was added to each beaker. The 
test mixtures were then gassed with the car- 
bon dioxide in a Dubnoff bath with shaking 
at 5° or less for 10 minutes. One half of each 
mixture was removed and treated for a given 
assay. The remainder under the gas was in- 
cubated at 37° for 30 minutes, then treated 
for the assay. The pH of the test mixture 
at room temperature initially and at the end 
of incubation was about 8.0, the optimum for 
heme formation(2). Inorganic iron in the 
samples of mixture was estimated by treating 
protein-free filtrates(6) with reductant and 


o-phenanthroline(7). Porphyrin and heme 
were extracted from other samples with acid 
ethyl acetate(8). The porphyrin was removed 
from the acetate with 3 N hydrochloric acid 
and assayed in an Evelyn colorimeter (9) 
standardized spectrophotometrically (10). Aft- 
er porphyrin was removed, the acetate, which 
contained the heme, was treated in one of 
the following ways: (a) It was extracted with 
10 ml portions of 1 N ammonium hydroxide 
until heme appeared in the alkali. The por- 
tion of alkali containing heme and 2 further 
portions were combined. (b) It was mixed 
with a little water, heated to remove the ethy! 
acetate, and neutralized with alkali. The 
heme in the solutions obtained by (a) and (b) 
was converted to reduced cyanide hemochro- 
mogen and assayed in an Evelyn colorimeter 
standardized spectrophotometrically(11). (c) 
The solution of heme in the acetate was di- 
gested with sulfuric acid and peroxide and as- 
sayed for iron(7). (d) When radioactive iron 
was used, radioactivity of the ethyl acetate 
mixture or of the ammoniacal extract (cf. (a) 
above) was determined. Heme formation was 
estimated from this activity and initial levels 
of inorganic and active iron. Heme formation 
was also estimated from these levels and the 
activity recovered as hemin(2). 

Representative results are given in Table I. 
As indicated by Exp. 1-9, the decrease in in- 
organic iron and in porphyrin during incuba- 
tion of complete test mixtures were in fair 
agreement with each other and the increase 
in heme. In the absence of added porphyrin 
(cf. Experiment 7b), there was essentially no 
change in level of iron or heme during incuba- 
tion or indication of porphyrin formation. 
Without added iron a little porphyrin dis- 
appeared (cf. Experiment 7c). This may 
represent heme formation since the test 
mixtures contained a little inorganic iron 
initially, some of which disappeared during 
incubation. As indicated earlier by use of 
labeled iron(1-4), no appreciable heme forma- 
tion occurred in the cold, (cf. Experiments 4 
and 5), with preparations heated to 100° (cf. 
Experiment 8), or in absence of the cell 
preparation (cf. Experiment 10). 

The relatively direct estimates of heme 
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TABLE I. Synthesis of Heme from Protoporphyrin and Inorganic Iron in Presence of Extracts 

of Duck Erythrocytes. Experimental details given in text. In each experiment a different 

sample of blood was used for preparation of the extract. In Exp. 1, 5 and 8 the iron used con- 

tained Fe® giving about 2.5 X 10‘ counts/min. An increase in amount of material designated 
+, a decrease —. 


Change in amt of 
Amt of compo- component/7 ml 
nent present in of test mixture 
Component 7mltestmix- during 30-min. 


of test mix- ture initially incubation Estimates of heme used; exp. con- 
xan GUC SS ayy CC IO ditions other than indicated above 

1 Porphyrin 235 — 80 Heme estimated from Fe® in ammoni- 
Iron 250 — 64 acal extr. and in hemin. 

Heme +79 
” +78 

2 Porphyrin 248 — 86 Heme from ethyl acetate estimated as 
Iron 265 — 88 hemochromogen. 

Heme 1800 +120 

3 Porphyrin 214 00 Heme from ammoniacal extr. estimated 
Iron 260 Sl as hemochromogen. 

Heme 1440 +40 

4 Porphyrin 240 —70 (+ 1) Heme estimated as iron in ethyl ace- 
Tron 262 —67 (+ 2) tate. Results in parentheses obtained 
ELemic ae 1280 +80(- 1) with test mixtures kept at 2° for 30 

min. 

5 Porphyrin 241 —65(- 2) Heme estimated from Fe in ethyl ace- 
Tron 259 —59 (+ 3) tate. Results in parentheses obtained 
Heme +72 (+ 4) with test mixtures kept at 2° for 30 

min, 

6 Porphyrin 242 ( 246) — 49 (-51) Heme estimated from iron in ethyl ace- 
Tron 248 ( 252) — 45 ( - 46) tate. Results in parentheses obtained 
Heme 1350 (1370) +50 (+50) with test mixtures that included prep- 

aration of globin(15). 

Ta Porphyrin 221 = 81 Heme estimated from iron in ethyl ace- 
Iron 245 —72 tate. In b porphyrin omitted. In ¢ iron 
Heme 1770 +70 omitted. 

b = Porphyrin 1 htt | 
Iron 245 + 3 | 
Heme 1780 - 5 

ce Porphyrin 224 - 5 
Tron 10 -— 4 
Heme 1770 0 

8 Porphyrin 242 SD 2) Heme estimated from Fe in hemin. 
Tron 258 — 80 (+ 3) Results in parentheses obtained with 
Heme +92 (+ 4) extr. heated to 100° for 7 min. 

9 Porphyrin 239 — 66 Heme estimated as iron in ethyl ace- 
Iron 250 — 68 tate. Cell preparation prepared by use 
Heme 102 +71 of ammonium sulfate. 

10 Porphyrin 235 (237) = Oi (—, Heme estimated as iron in ethyl ace- 
Tron 250 (255) + 2(+4+ 4) tate. Erythrocyte preparation omitted 
Heme 0 =f (=. 2) from test mixtures; comparable salt 


mixture + detergent was substituted. 
Results in parentheses obtained with 
mixtures containing globin. 


formation used in Experiments 2-4, 6, and 7 — scribed above was mixed with 0.1 volume of 
were of limited accuracy since the heme 0.5 M potassium phosphate and 0.5 volume of 
formed in these and similar tests did not ex- saturated ammonium sulfate, each at pH 7.2. 
ceed 8% of that present initially. Increase in The resulting precipitate was collected by 
the ratio of heme formed to initial heme was centrifugation, dissolved in a volume of .1 M 
obtained with cellular material prepared as potassium bicarbonate plus .156 M chloride 
follows: In the cold, extract obtained as de- equal to one-fourth that of the extract, and 
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tested as described above. The final solutions 
prepared by the sulfate treatment, were 
usually about as active as the extracts from 
which they were prepared; thus, about one- 
fourth of the activity was recovered. As indi- 
cated by Exp. 9, the ratio of heme formed to 
initial heme was increased by the sulfate treat- 
ment. Similar results were obtained using 
other estimates of heme. Although the con- 
centration of hemoglobin, indicated by the 
heme content, in the solutions obtained by the 
sulfate treatment was less than in the extracts, 
the activity per unit of protein, as indicated 
earlier for the simpler cell preparation(2), was 
not sufficient to allow unequivocal assignment 
of the activity to a catalyst. 

Discussion. The present results establish 
net synthesis of heme from protoporphyrin 
and ionic iron in the presence.of material from 
duck erythrocytes and indicate, as reported 
earlier(1-4), that the material from the 
erythrocytes is necessary for the synthesis. 
However, it appears that under certain condi- 
tions(12-14), notably in the presence of a 
detergent and globin(14), heme is formed at 
neutral pH and moderate temperature without 
addition of cellular material. Under present 
experimental conditions globin had no effect 
on heme synthesis in the presence of red-cell 
extracts (cf. Experiment 6) and alone (cf. 
Experiment 10) did not promote synthesis. 
Nevertheless, it is possible that the material 
from the avian erythrocytes in some relatively 


non-specific way simply creates a suitable en- 
vironment for heme synthesis. 

Summary. Soluble preparations of duck 
erythrocytes were found to effect net synthe- 
sis of heme from protoporphyrin and iron. 
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Repopulation of Hematopoietic Tissues of X-Irradiated Mice by Cells 


From Leukemoid Blood. 


(24815) 


Rutu M. Merwin (Introduced by Willie W. Smith) 
Nat. Cancer Inst., N.I.H., P.H.S., U. S. Dept. H. E. W., Md., 


Congdon et al.(1) reported that injection 
of blood showing extreme granulocytosis in- 
duced by a tumor prolonged survival of mice 
that had been given a lethal dose of total-body 
x-irradiation. Congdon e¢ al. suggested that 
the leukemoid blood might protect against 
early death by some mechanism other than re- 
population. The leukemoid blood might pro- 


vide a humoral factor which would stimulate 
recovery of irradiated hematopoietic tissues or 
large number of leukocytes might help com- 
bat infection. Later Smith and Congdon(2) 
found evidence indicating that injected blood 
cells probably repopulated at least some he- 
matopoietic tisues. More conclusive evidence 
that repopulation takes place is reported here. 
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The evidence was obtained by injecting leuke- 
moid blood from mice of one genetic consti- 
tution into x-irradiated mice of another ge- 
netic constitution and later testing the irradi- 
ated, recipient mice by the Harderian-gland 
method(3) for presence of donor-type cells. 
Materials and methods. The Harderian- 
gland test is based on the finding that al- 
though a nonvascularized graft survives in an 
homologous host because it does not initiate 
immunity, the graft is destroyed if host be- 
comes immune(3). Injection of a suspension 
of homologous cells will immunize a mouse. 
In these experiments suspensions of cells from 
irradiated protected mice were injected into 
test mice of same genetic constitution as the 
irradiated mice. Each test mouse carried an 
Harderian-gland graft from a mouse of same 
genetic constitution as donors of the leuke- 
moid blood. If tissues of irradiated mice con- 
tained cells that originated from the leuke- 
moid blood, the grafts disintegrated. To pro- 
vide a basis for estimating the proportion of 
cells originating from leukemoid blood, the 
immunizing capacity of a known number of 
cells of the same genetic constitution as leuke- 
moid blood was compared with immunizing 
capacity of an equal number of cells from ir- 
radiated protected mice. Irradiated mice 
were (BALB/c X A) F, hybrids. The don- 
ors of the leukemoid blood were (BALB/c 
X C3H) F, hybrids. The following sub- 
strains were used in obtaining the hy- 
brids: BALB/cAnN, A/LN and C3H/HeN. 
The tumor arose in a BALB/c mouse but was 
transferred for these experiments into 
(BALB/c X C3H)F;, hybrids so that Harde- 
rian-gland grafts would come from a pig- 
mented mouse. Disintegration of the pigment 
cells in the graft is the best end point for the 
Harderian-gland test. Squamous-cell carci- 
noma, A 280, used was kindly provided by 
Dr. Charles Congdon. He found that in mice 
supporting subcutaneous growth of this tu- 
mor, the leukocyte count was approximately 
80 times normal in 4 to 5 months(1). In ex- 
periments described here blood was taken 6 
months after mice were inoculated subcutane- 
ously with the tumor. A half cc of blood was 
drawn from the heart of each mouse into a 


syringe moistened with saline containing 
heparin. The blood was immediately injected 
into the tail vein of a mouse that had been 
exposed, 1 to 6 hours previously, to 800 or 900 
r total-body x-irradiation. Physical condi- 
tions for x-irradiation were: 200 KV, 15 ma, 
126.5 r/minute at focus skin distance of 54 
cm with .25 mm Cu and .55 mm AI filters. 
The irradiated mice were 314 months of age 
and kept 3 or 4 to a cage. Three to 12 
months after x-irradiation and injection of 
leukemoid blood, the mice were killed and cer- 
tain tissues tested for presence of cells origi- 
nating from leukemoid blood. Suspensions of 
marrow cells were obtained by pushing the 
marrow in Hanks’ balanced saline through a 
23 gauge needle several times. Other tissues 
were macerated in saline. The pH of saline 
was approximately 8.0 except in one experi- 
ment in which it was approximately 7.5. Dilu- 
tions were made so that about 100,000 cells 
could be injected in 0.5 ml volumes within 
approximately 30 minutes of time the suspen- 
sions were prepared. Further dilutions were 
made so that 25,000 cells could be injected 
in 0.5 ml approximately 30 minutes later. For 
comparative purposes similar preparations 
were made of cells from normal mice of same 
genotype as donors of leukemoid blood. 

Results. Of 16 mice inoculated with tumor 
A 280, 2 showed no tumor growth at 6 
months and leucocyte count was nearly nor- 
mal. The 2 x-irradiated mice given blood 
from these animals died within 2 weeks, indi- 
cating no protection. Leukocyte counts for 
the 14 remaining animals ranged from 19,000 
to 483,000/mm*. Five irradiated mice re- 
ceived less than 50 million leukocytes, 4 re- 
ceived between 50 and 100 million and 5 re- 
ceived over 100 million. Six of these 14 mice 
were used from 3 to 12 months after treat- 
ment to determine origin of cells of certain 
of their tissues. Of the 8 other mice, 2 had 
died by 2 months after treatment, 5 more by 
8 months and 1 more by 10 months. 

A mouse tested at 88 days and one at 150 
days gave positive tests for presence of ho- 
mologous cells in marrow, lymph nodes, thy- 
mus, spleen and blood. A known number of 
marrow or lymph node cells from 4 other mice 
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TABLE I. Results of Harderian-Gland Test 
Cells from Irradiated Mice, (BALB/e x A)F 


11 


to Compare Antigenicity of Known Number of 
1, Protected by Leukemoid Blood from Mice of 


Another Genotype, (BALB/c X C3H)F,, with Antigenicity of the Same Number of Cells from 
Mice with Same Genotype as Leukemoid Blood Donors. 


No. of test mice in which graft dis- 
integrated/Total No. of test mice 


Cells from ir- 


Cells from 
mice with same 


Cells inj ———__,, radiated mice genotype as No. of days 
No. ; protected with leukemoid after irradi- 
(X1000) Tissue leukemoid blood blood donors ation 
100 Lymph node 5/5 180 
25 3/5 
100 Idem 3/6 3/6 218 
25 2/6 2/5 
100 Bone marrow 2/3 3/3 271 
100 Lymph node 4/4 4/4 370 
25 2/4 2/4 


were tested at 180 to 370 days. Twenty-five 
thousand or 100,000 cells from the irradiated 
mice or from mice of the genotype of donors 
of leukemoid blood were injected into test 
mice. Preliminary tests with mice of geno- 
types used here as well as other experiments, 
some of which have been reported previously 
(4) with mice of other genotypes, showed that 
fewer than 25,000 homologous cells usually 
gave mostly negative tests. Further, with 
these numbers of cells a dilution of %4 usually 
gave a detectable change in proportion of posi- 
tive to negative tests. The results (Table I) 
indicate that at least 14 and possibly almost 
all cells from marrow or lymph nodes of ir- 
radiated and protected mice were derived 
from the leukemoid blood. 

Appearance of lymph nodes of the irradi- 
ated, protected mice at time the tests were 
made, varied greatly. The nodes were nearly 
normal in size and appearance in the 2 heavi- 
est and most normal appearing mice, the mice 
killed at 150 and 218 days. The lymph nodes 
were smallest in the mouse that was least 
healthy, the mouse killed at 271 days. Al- 
most no cells were freed when nodes from this 
- mouse were macerated and virtually no lym- 
phocytes were present in the node studied his- 
tologically. Tests had to be made on marrow 
cells from this mouse. In the rest of the mice, 
lymph nodes were smaller than normal and 
had yellowish opaque masses in them. 

Discussion. Smith and Congdon(2) found 
that the general picture of recovery after ir- 


radiation and injection of leukemoid blood 
was the same as after injection of marrow. 
They believed that the cells of leukemoid 
blood repopulated at least the granulopoietic 
elements. The present results indicate that 
lymphocytes also are derived from leukemoid 
blood. Several studies have indicated that 
the lymphocytic cells in mice irradiated and 
given marrow are derived from the introduced 
marrow. One of these studies was made in 
this laboratory using the Harderian-gland test 
(4). Tests have been made on lymph node 
cells of 3 more mice at 358 to 450 days after 
irradiation and marrow injection. The anti- 
genicity of 25,000 and 100,000 cells from pro- 
tected mice was about the same as that for 
an equal number of cells from mice of the 
same genetic constitution as marrow donors. 
Thus the previously reported observations 
have been confirmed and extended. 
Although in the present experiments, mice 
were protected from early deaths after irradia- 
tion by injection of homologous blood, Cong- 
don et al.(1) and Smith and Congdon(2) were 
able to get prolonged survival with isologous 
blood only. The graft-against-host reaction, 
which seems to be important in length of sur- 
vival of irradiated mice after injection with 
homologous hematopoietic tissues(5,6), may 
be less severe in the hybrid combination used 
here, because some of the components at the 
H2 locus are common to C3H and A strains 
(7). Further the genes that are different in 
the 2 hybrids are present in only 4 of the 


a 


dosage that would be found if 2 different 
strains were used. The possible role of dosage 
effect in increasing the protection afforded ir- 
radiated mice by injection of homologous cells 
is discussed by Uphoff(8). 

Summary and conclusions. Survival of 
lethally x-irradiated (BALB/c X A)Fy, hy- 
brid mice was greatly prolonged by injection 
of leukemoid blood from (BALB/c X C3H) 
F, hybrid mice. Quantitative estimates indi- 
cate that many, if not all cells in lymph nodes 
or marrow of irradiated protected mice were 
derived from leukemoid blood. 
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On the assumption that only compounds of 
high molecular weight were capable of substi- 
tuting for blood plasma, dextrans of high 
molecular weight were initially employed in 
treatment of shock. These dextrans gave rise 
to a high incidence of side effects which were 
attributed to high molecular weight of the 
compound(1). Wilkinson and Storey(2) es- 
sayed a dextran considered to be “highly frac- 
tionated” (65% of molecules weighing be- 
tween 130,000 and 250,000). They found in 
normal volunteers that it still produced a high 
incidence of urticaria and vasomotor insta- 
bility. Since then the molecular weight of 
clinically used plasma expanders has been 
greatly diminished without significant change 
in their therapeutic effectiveness. Most of 
those now in use have an average molecular 
weight between 30,000 and 40,000(3). The 
study of a new compound of much lower 
molecular weight was considered interesting 
since it might produce fewer side effects than 
reported for the higher polymeric expanders. 
In the present investigation 3 plasma expand- 
ers were compared as to their capacity to re- 


store normal blood pressure and plasma vol- 
ume as well as to prevent death from an ex- 
perimentally produced hemorrhage. 

Materials and methods. The low polymeric 
plasma expander studied was a partially me- 
thoxylated polymer of galacturonic acid whose 
molecular structure resembles that of dextran 
(Fig. 1). Its average molecular weight was 
only 6,200. This substance was used in a 
stabilized and buffered 1% solution in saline 
(Graplasmoid, L. I. F. E.). The relatively 
higher polymers employed for comparison 
were: 6% dextran in saline (Intradex, Glaxo) 
with average molecular weight of 40,000, and 
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FIG. 1. Chemical structure of a moiety of dextran 


and Graplasmoid. 
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3.5% polyvinyl-pyrrolidone (PVP) in saline 
(Periston, Poulenc) with an average molecu- 
lar weight of 28,000. As reference standard, 
heparinized whole blood obtained from test 
animal itself was used. For further compari- 
son 2 crystalloid aqueous solutions, namely, 
5% dextrose and 0.9% NaCl, were employed. 
All solutions were sterile and free of pyrogens. 
Since Rosenthal and Millican(4), in a review 
on the role of various fluids in traumatic 
shock and hemorrhage (287 references), con- 
clude that there is no standard method for 
evaluating therapeutic value of plasma ex- 
panders and that tests in dogs are difficult to 
standardize because of lack of uniformity of 
race, weight, etc., in any adequately large 
population of animals, white male rabbits of 
a uniform strain weighing approximately 2 kg 
and guinea pigs weighing 0.5 kg were chosen 
for the present study. To determine the most 
appropriate amount of blood withdrawal 
(“hemorrhage”), preliminary experiments 
were conducted in which the animals were 
freely bled to death by opening one carotid 
artery and amount of blood shed was meas- 
ured. Under these conditions average loss 
(+ standard error), in 10 rabbits, was 30.6 
ml/kg + 0.98 ml/kg and 35.2 mg/kg + 3.8 
ml/kg, in 10 guinea pigs. In both species 
average bleeding time was 5 minutes. On the 
basis of these results 15 ml/kg (50% of the 
lethal blood loss in rabbits) was chosen as 
“standard hemorrhage.” In series A, experi- 
ments in rabbits were performed after Hamil- 
ton et al.(5), by producing rapid standard 
hemorrhage (1 minute duration) from the 
carotid artery and replacing the blood lost bv 
an equal amount of test fluid, injected immedi- 
ately after hemorrhage (1 minute duration). 
The effectiveness of plasma expanders was 
evaluated by studying blood pressure over a 
carotid cannula for 2 hours, following experi- 
- mental hemorrhage. All animals were hepar- 
inized, and anesthetized intraperitoneally with 
a combination of urethan (700 mg/kg) and 
pentobarbital (30 mg/kg). In series B, effec- 
tiveness of plasma expanders was evaluated 
by determining blood volume freely shed from 
opened carotid artery until death, 4 hours 
after standard hemorrhage and subsequent re- 


placement of blood by the test fluid (cf. Law- 
son(6)). In additional groups, C and D, per- 
cent survival after partial replacement of 
blood by test fluid was studied. In series C, 
animals from series A were employed. After 
recording blood pressure for 2 hours, the caro- 
tid wound was sutured and the animal ob- 
served 24 hours. In series D, the standard 
hemorrhage and respective substitution of 
blood by test expander were made twice with 
an interval of 24 hours. Incidence of death 
was recorded for 24 hours after second hemor- 
rhage. Studies on survival were also per- 
formed in guinea pigs (series E and F). After 
a severe hemorrhage of 30 ml/kg the volume 
of test expander injected was 10 ml/kg (% 
of amount shed) in series E, while in series F 
it was equal to the amount shed (30 ml/kg). 
Survival was recorded for 24 hours after sub- 
stitution of blood by the expander. 

Results. (a) Changes of blood pressure. A 
rapid loss of 15 ml/kg of blood produced an 
abrupt fall of blood pressure 42 to 49% of 
normal. The immediate infusion of equal 
amount of any of the 6 test fluids rapidly re- 
stored blood pressure to near-normal levels 
(Fig. 2). Differences were not significant. 
This return, however, was followed during the 
next 10 minutes by drop in blood pressure, 
which varied greatly according to fluid used. 
When blood substitution consisted in auto- 
transfusion, blood pressure, once restored 
after initial fall, did not essentially change. A 
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FIG. 2. Blood pressure changes after a rapid hem- 

orrhage and an immediate infusion of a test fluid. 

Each point represents avg systolic pressure in 
groups of 8 to 15 rabbits. 
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slow decrease by about 10 mm Hg during the 
first hour was followed during second hour by 
complete return to original prehemorrhagic 
pressure. Behavior of blood pressure after 
dextran, PVP and Graplasmoid was not essen- 
tially different from that observed after a 
blood infusion. The final level after test pe- 
riod of 2 hours, was only slightly below that 
reached after blood. Even the largest differ- 
ence, observed with Graplasmoid, the only 
one which was mathematically significant (P 
— <0.05) was not more than 15 mm Hg. 

Quite different was the blood pressure 
curve after dextrose and saline. The rapid 
return to normal level after post-hemorrhagic 
drop was followed, within 5 minutes after in- 
fusion, by equally rapid drop by 35 and 45 
mm, respectively. From this lower level the 
pressure continued to decline during 2-hour 
observation period. finally ending at the low 
post-hemorrhagic level. Differences from lev- 
els after blood infusion were significant (P 
ese) 


TABLE TIT. Blood Volume Obtained from Rabbits 
Freely Bled unto Death, 4 Hours after Replace- 
ment of 15 ml/kg of Blood by a Plasma Expander. 


Plasma No. of Avg-+stand. Relative 

expander animals error (ml/kg) vol 
Blood 5 28.9 4 2.2 100 
Dextran 6 27.7 + 2.0 96 
PAVEe. 5 27.2 + 2.1 94 
Graplasmoid 6 26.5 + 2.3 92 
Dextrose 5 17.9 + 2.2 62 
Saline 5 17.2 + 2.3 60 
Untreated controls 5 Ill Sell 59 


b) Blood volume 4 hours after infusion. 
Blood volumes shed in a lethal hemorrhage 4 
hours after partial substitution of blood by a 
test fluid are presented in Table I. Results 
obtained after infusion of plasma expanders 
were different from those after infusion of 
crystalloid solutions. While total volume shed 
after administration of test plasma expander 
was not essentially different from that after 
autotransfusion (only 8% lower in the case on 
Graplasmoid), it was greatly diminished after 
administration of dextrose or saline. 

c) Post-hemorrhagic survival. In a group 
of non-treated rabbits 62.5% of animals sur- 
vived 24 hours after a single standard hemor- 


TABLE II. Survival of Rabbits 24 Hours after a 

Single (Group A) and a Double (Group B) Experi- 

mental Hemorrhage Treated with Various Fluids. 

Amount of blood replaced by an equal volume of 
plasma expander was 15 ml/kg. 


Group A Group B 

Plasma 0 © 
expander Death survival Death survival 
Blood 0/8 100 0/8 100 
Dextran 2 om 1/10 90 
IPNVER: sd i" 0/10 100 
Graplasmoid 1/15 93 “e uy 
Dextrose 3/10 70 5/7 29 
Saline ~ 2/8 75 6/8 25 
Untreated 3/8 62 2 Ye 

controls 
rhage. Survival diminished to 25% when 


blood withdrawal was repeated 24 hours later. 
When the blood shed was replaced by dex- 
trose or saline, practically the same results 
as in non-treated group were obtained (Table 
II). However when blood was replaced by 
one of the 3 colloidal expanders, more than 
90% of animals survived both single and 
double hemorrhage. 

The results in guinea pigs, after severe 
hemorrhage (30 ml/kg) are presented in 
Table III. When 10 ml/kg of a colloidal 
fluid were injected immediately after the hem- 
orrhage, 60 to 70% of animals survived, and 
when amount of expander infused was the 
same as blood withdrawn, survival increased 
to 100%. Substitution of blood by dextrose or 
saline was less effective in protecting animals 
against death. 

Discussion. According to our experiments 
a polymer of low molecular weight (Graplas- 
moid) had a plasma substituting capacity 
qualitatively similar to that of polymers of 
TABLE III. Survival of Guinea Pigs 24 Hours 


after a Hemorrhage of 30 ml/kg Treated with Dif- 
ferent Doses of a Plasma Expander. 


Infusion — Infusion — 
10 ml/kg 30 ml/kg 

Plasma 0 0 
expander Death survival Death survival 
Blood 1/5 80 0/5 100 
Dextran 3/10 70 0/10 100 
PVP 2/5 60 WS 80 
Graplasmoid 3/10 70 0/10 100 
Dextrose 3/5 40 3/5 40 
Saline 4/5 20 4/10 40 
Untreated 5/5 0 

controls 
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higher molecular weight, such as dextran and 
PVP. Quantitative differences were rather 
small and are possibly devoid of biological 
significance. It seems that if a plasma ex- 
pander has characteristics of a colloidal solu- 
tion, large weight of molecules might not be 
an indispensable factor in restoring hemo- 
dynamic properties of blood plasma. Never- 
theless, molecular size and shape must be 
also studied before a definitive conclusion on 
the influence of molecular weight upon effec- 
tiveness of a plasma expander can be drawn. 

It now seems(7,8) that high molecular 
weight of compounds is not the only factor in- 
volved in production of side effects. Wilkin- 
son(7) found that, in spite of the fact that 
dextrans of 42,000 or 38,000 average molecu- 
lar weight produced a lesser incidence of side 
effects than still higher polymeric compounds 
(2), the 42,000-type produced even a lesser 
incidence than the 38,000-type, a difference 
the author attributed to the fact that 2 dif- 
ferent strains of Leuconostoc mesenteroides 
were used to synthesize the 2 dextrans and 
may have produced molecules of somewhat 
different structure. Moeller(9) in another 
kind of assay also found that dextran of lower 
molecular weight produced less cutaneous re- 
actions. 

Dextran is a mixture of polymeric hexoses 
in which 1:6-alpha-glucoside links prevail. 
Kabat and Berg(8) suggested that the differ- 
ences between precipitin values produced by 
different dextrans could be related mainly to 
the number of 1:6 links, rather than to molec- 
ular weight. For another antigenic phenome- 
non, 7.e., complement fixation, however, Hehre 
and Neill(10) found it greater with heavier 
molecules. Dextran and PVP, besides their 
antigenic properties, induce liberation of his- 
tamine(11), to which some of the side effects 
are ascribed. It has been demonstrated(12) 
that histamine release also increases with 
higher molecular weight and concentration of 
dextran. Dextrans of molecular weight below 
14,000 as well as dextran sulphate of molecu- 
lar weight below 10,000 did not induce hista- 
mine release(12). Furthermore, Walton(13) 
showed that toxicity of dextran sulphate could 
be decreased by diminishing its molecular 


weight. The “reactions” to plasma expanders 
—allergic reactions, agglutination, comple- 
ment fixation, precipitation, histamine re- 
lease, etc—seem to be rather complex; they 
appear to depend upon various factors such as 
weight, size, shape, and structure of molecule 
and concentration of drug. Like dextran and 
PVP, Graplasmoid is used therapeutically as 
a plasma expander and has not yet been re- 
ported to produce any side effects described 
for higher polymeric plasma expanders. Be- 
cause of its low molecular weight a low con- 
centration of Graplasmoid (1%) is required 
to obtain an isotonic solution with plasma, 
whereas higher concentrations of PVP 
(3.5%) and dextran (6%) are required. This 
low concentration could be a contributing fac- 
tor in diminishing side effects. 


Summary. Capacity of 3 plasma expanders 
of different molecular weight to substitute 
blood plasma was studied. These included 
dextran (40,000), PVP (28,000) and Grapl- 
asmoid (6,200); they were compared with 
whole blood and with 2 non-colloidal solu- 
tions dextrose and saline. Changes in blood 
pressure and blood volume observed after 
partial replacement of blood by any of the 3 
colloidal solutions were not essentially differ- 
ent from those observed after autotransfusion, 
Replacement by dextrose or saline solutions, 
however, resulted in significant changes. The 
non-colloidal solutions only slightly delayed 
onset of hemorrhagic shock. The plasma ex- 
pander with lowest molecular weight was as 
effective as the 2 high molecular weight com- 
pounds. A greater number of animals sur- 
vived partial or “total” replacement of blood 
with plasma expanders than survived replace- 
ment with dextrose or saline. In percent of 
survival, no significant differences were ob- 
served between the 3 plasma expanders. 
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Pituitary Prolactin Levels in Laying, Incubating and Brooding Pheasants 


(Phasianus colchicus) .* 


(24817) 


RoBERT P. BREITENBACHt AND ROLAND K. MEYER 
Zoology Dept., University of Wisconsin, Madison 


The ring-necked pheasant (Phasianus col- 
chicus) in Wisconsin can be classified as an 
“Indeterminate layer”(1). This classification 
is used for birds which lay until accumulation 
of eggs releases the incubation response. 
Pheasants in Wisconsin drop a considerable 
number of eggs prior to laying in clutch and 
incubating(2). The physiological control of 
initiation of incubation and broodiness has 
been studied. Riddle and Lahr(3) and Lehr- 
man(4) indicated that progesterone induces 
incubation in ring doves. Only recently has 
progesterone been identified in birds(5,6,7). 
Association of prolactin with broodiness is 
well known(8,9,10). Crispens(11) was able 
to induce broodiness in hen pheasants prior to 
and during reproductive season by injecting 
prolactin. His criterion for broodiness was 
acceptance of chicks by a treated hen. One 
can postulate that initiation of incubation is 
controlled by prolactin. Actual relationships 
between pituitary prolactin levels during in- 
cubation and brooding is not well established. 
Understanding of various — physiological 
changes during the reproductive period is 
necessary before activities of bird can be 
properly interpreted. We conducted this 


* This study was financed in part by Wisconsin 
Conservation Dept. with Federal Aid to Wildlife 
Restoration funds under Pittman-Robertson Project 
and N.I.H.P.H.S. Data in this article were used in 
thesis presented to Univ. of Wisconsin Graduate 
School in partial fulfillment of requirements for Ph.D. 
degree. 
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study to determine pituitary prolactin levels 
during various stages of incubation and brood- 
ing. 

Materials and methods. Hen pheasants 
were autopsied in various stages of reproduc- 
tion in 1955 and 1956. Anterior pituitary 
glands of some of these birds were removed, 
weighed and immediately frozen for prolactin 
bioassay. In 1955, 3 to 5 glands were chosen 
from birds in the following stages: laying; 
8th, 16th and 20th days of incubation; and 
3rd, 7th and 11th days after hatching. The 
same procedure was followed in 1956 when 3 
to 5 glands were chosen from birds in both 
laying and non-laying condition 4th, 8th, 12th, 
16th and 20th days of incubation; and 3rd, 
7th and 11th days after hatching. In late 
July, immediately following breeding season, 
glands from birds in each stage of reproduc- 
tion were pooled and homogenized in a glass 
homogenizer. The homogenate was diluted 
with distilled water to concentration of 20 
mg fresh weight tissue/cc. These aqueous 
homogenates were injected intracutaneously 
over crop glands of 8-week-old white king 
pigeons, a modification of technic of Lyons 
and Page(12). With this method it is pos- 
sible to test 2 homogenates in each bird, 1 for 
each crop gland. Prior to assay homogenates 
were coded. Crop glands to test each homo- 
genate, were selected at random. Each prepa- 
ration provided test material for at least 2 
assay glands. Water placebo was injected 
over 4 crop glands to provide additional con- 
trol. The spot over each crop gland around 
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FIG. 1. Response of pigeon crop glands to pheas- 
ant pituitary homogenates from various stages of 
reproduction. 


which injections were made was marked by 
injecting India ink. Injections of homogenates 
were made daily at noon for 4 days. Each 
crop gland received 0.125 cc/day and 4-day 
total of 10 mg of pituitary tissue. Each day’s 
material was injected in a quartile clockwise 
around the marked site. Birds were autop- 
sied on 5th day and gland response was deter- 
mined in 3 different ways. First, degree of 
development was determined on 10 point 
basis. Absence of development was recorded 
as O, initial development of rugae was rated 
1 to 3. Additional thickening of stimulated 
area and production of pigeon milk were rated 
4 to 10. Second, length and width of stimu- 
lated area of crop gland were measured by 
stretching the gland over base of small beaker 
and holding it up to the light. Sufficient ten- 
sion was applied to keep tissue taut without 
tearing. Product of length and width of 
stimulated area is expressed as mm?” of gland 
stimulated. Third, the stimulated area of 
crop gland was excised and weighed. Results 


were decoded following examination of crop 
glands at time of autopsy. 

Results. Examination of Fig. 1 reveals that 
form of curves by all 3 criteria of crop re- 
sponse were essentially the same. Pituitary 
prolactin levels as measured by pigeon crop 
responses were lower for laying birds than for 
post reproductive non-laying controls. Pro- 
lactin content rises steadily during early incu- 
bation to a high level about 8th to 12th day. 
Responses from pituitaries of birds during 
late incubation and brooding, indicate a pro- 
gressive decline from high mid-incubation 
level. The initial rise in pituitary prolactin 
during incubation can be interpreted as in- 
creased rate of formation by the pituitary. 
Broodiness in cock pheasants is a relatively 
rare occurrence. In 1956, however, we meas- 
ured pituitary prolactin levels in 2 broody 
cocks as compared to 2 non-broody cocks. 
After 20 days incubation the pituitary prolac- 
tin levels in broody cocks were lower than 
those of non-broody cocks, as measured by 
our bioassay technic. These data suggest that 
pituitary prolactin levels do not continue to 
increase with advance of incubation, instead 
they tend to decline as incubation progresses. 

Discussion. Godfrey and Jaap(13) demon- 
strated that broodiness in chickens can be 
terminated by estrogen. This could indicate 
that prolactin production or release is sup- 
pressed by high estrogen levels. The laying 
bird would normally be accepted as one in 
which estrogen titers were high. The com- 
monly accepted mechanism in mammals, how- 
ever, is one in which high estrogen levels stim- 
ulate production of prolactin. Our data indi- 
cate that a sudden acceleration in prolactin 
production occurs in response to internal or ex- 
ternal stimuli. The stimulus necessary to elicit 
intense broodiness following this period of 
high prolactin production, may be consider- 
ably lower than in pre-incubation birds. The 
real expression of broodiness occurs in the lat- 
ter half of incubation and after hatching, 
though individual differences exist between 
birds (Breitenbach, Meyer and Nagra, in 
manuscript). The action of prolactin on 
broodiness was first demonstrated by Riddle, 
Bates and Lahr(8). Many authors have since 
contributed information establishing correla- 
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tion between brooding behavior and prolactin 
stimulation. See Collias(14) for review and 
evaluation of the literature. 

Relation of hormone production by bird 
pituitary to target organs and their secretions 
during reproduction is complex. Prolactin’s 
inhibition of FSH production has been re- 
ported(15,16). The effects of progesterone 
in interrupting lay and initiating molt are 
counteracted by prolactin(17). Progesterone 
activity has been reported for extracts of 
avian blood(5,7) and in extracts of ovaries 
from laying fowl(6). Some workers reported 
effects of exogenous progesterone on bird 
physiology. Among them, Riddle and Lahr 
(3) showed that both progesterone and _tes- 
tosterone induce incubation and apparently 
stimulate release of prolactin by dove pitui- 
tary. Participation in incubation itself, stimu- 
lates prolactin secretion(18). Molt is char- 
acteristically inhibited during the brooding 
period (Breitenbach and Meyer, in manu- 
script). Inhibitory action of prolactin on 
molt process, reported by Juhn and Harris 
(17), is the probable explanation for delay in 
onset of molt. As brooding season progresses 
prolactin levels decline and the molt proceeds. 
Lehrman and Brody(19) demonstrated syner- 
gistic action of estrogen and progesterone on 
the dove oviduct and indicated that progester- 
one induces immediate incubation. Recently, 
however, in the turkey, it has been reported 
that progesterone seems to stimulate lay and 
interrupt broodiness(20). Obviously the rela- 
tion of hormonal factors such as estrogen and 
progesterone to initiation of incubation is an 
area deserving more investigation. 


Utilization of above information and our 
data tend to support the following hypothe- 
sis: Through accumulation of ovulated fol- 
licles in the ovary, increasing amounts of a 
substance (perhaps progesterone) are pro- 
duced. This material causes production of 
prolactin by the pituitary. External stimu- 
lation is supplied by nest or accumulating 
eggs of clutch and is responsible for release 
and increased production of prolactin. The 
prolactin in turn inhibits FSH production and 
indirectly estrogen output. The influence of 
prolactin is expressed in broody behavior of 


the hen in relation to nest, and ultimately to 
the chicks. 

Summary. Pituitary glands were removed 
from hen pheasants in various stages of re- 
production—laying, non-laying, incubating 
and brooding and bioassayed for prolactin 
content. Prolactin levels rise rapidly during 
early incubation from levels observed in lay- 
ing birds. Peak prolactin levels were noted 
from 8th to 12th days incubation. Prolactin 
content declined rapidly during latter portion 
of incubation and throughout the first 11 days 
following hatching. This occurred despite the 
fact that late incubation and post-hatching are 
periods of most intense brooding activity. 
Non-laying birds showed slightly higher pitui- 
tary prolactin levels than did laying birds. 
Pituitaries of 2 broody cocks were examined 
after 20 days incubation and showed less pro- 
lactin than pituitaries of 2 non-broody con- 
trol cocks. It is suggested that early high 
prolactin levels condition the bird for subse- 
quent brooding stimuli. The relationship to 
control mechanisms is discussed. 
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Enzymatic treatment of cells, developed (1) 
for routine passage of cells in continuous cul- 
ture, has been employed widely for primary 
dispersion of cells from tissue. While parts 
of some tissues, notably renal cortex, are dis- 
persed readily by application of trypsin, other 
tissues are more or less refractory. Conse- 
quent restriction of cell types that can be dis- 
persed efficiently by trypsin from tissue ham- 
pers in vitro study of some viruses, compari- 
son of virus susceptibility of cells 7m vivo and 
in primary culture, and direct clonal deriva- 
tion of cell lines from tissue. This paper de- 
scribes the use of collagenase for preparation 
of primary monolayer cultures of lung, a tis- 
sue usually poorly dispersed by trypsin, for 
study of influenza viruses. 

Materials and methods. Solutions included 
a) GKN (solution of glucose, potassium 
chloride and sodium chloride in concentrations 
appropriate to Hanks’ solution) (2); b) 
Hanks’ balanced salt solution brought to pH 
7.4-7.6 with sodium bicarbonate; and c) nu- 
trient medium containing 20% serum of the 
same species as the tissue cultivated in YEM 
(3) with penicillin and streptomycin added to 
final concentrations of 50 units and 100 pg 
per ml. Tissues were obtained as a) human 
' * Aided by Grants from Frederica Beard Memorial 
Grant for Cancer Research, Am. Cancer Soc., Nat. 
Cancer Inst., N.I.H., and National Fn. 

+t Predoctoral fellow of the Nat. 
IN PELs: 

{ This work was done in partial fulfillment of re- 
quirements for Ph.D. degree in Bactericlogy and Im- 
munology, Univ. of Minnesota. 


Cancer Inst., 


and swine lungs from fetuses aged approxi- 
mately 80 (14 cm) and 70 days respectively, 
and b) lung from an adult American Dutch 
rabbit about 250 days of age. Fetal swine 
lungs were obtained from miniature swine de- 
veloped for research(4), and from sows ran- 
domly selected at an abattoir (by kind coop- 
eration of Dr. Eldon G. Hill of the Hormel 
Institute, Univ. of Minnesota). Animals 
were opened aseptically and lung or other tis- 
sue removed to sterile Petri dishes containing 
about 2 ml of Hanks’ solution. Enzymes in 
GKN were sterilized by passage through Selas 
#02 filters. Collagenase (Worthington Bio- 
chemical Corp., Freehold, N. J.) was prepared 
in stock concentration of 0.1% for use as 100 
pg per ml (0.01%); trypsin as Difco Yeasto- 
late was prepared in stock concentration of 
20 mg per ml (2.0%) for use as 2 mg per ml 
(0.2%). Preparation of dispersed cell sus- 
pensions. Lung tissue was minced into 1-2 
mm fragments cut by crossed scalpel blades 
handled like scissors; portions of bronchial 
tree separable from parenchyma were dis- 
carded. Fragments were rinsed repeatedly 
with Hanks’ solution to remove erythrocytes, 
transferred to a screw-capped flask containing 
a Teflon-covered magnetic stirring bar, cov- 
ered to an approximate depth of 30 mm with 
collagenase solution, and incubated for 10 min 
in a water bath at 37°C. Flask contents then 
were agitated by magnetic stirring for 2 hours 
in a 37°C incubator. An essential precau- 
tionary measure to prevent cell damage from 
heat was the insertion of an inverted Petri 
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FIG. 1. Seven-day primary culture of pore 
ing from tissue fragment on Tight CLs 
FIG. 2. Four-day primary culture of porcine lung dispersed with collagenase. 120, 
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plate between flask and the Magnestir plate 
(Labline Inc., Chicago). After this treatment, 
usually sufficient to disperse the fragments, 
the resulting cell suspension was filtered 
through 4 layers of sterile gauze, sedimented 
at 20 x g for 6 minutes, separated from super- 
natant fluid and resuspended directly in nu- 
trient medium. Fetal kidney cell suspensions 
were prepared similarly; collagenase dis- 
persed both cortical and medullary tissue. 
With blood-engorged tissue, collagenase treat- 
ment was preceded by agitation of tissue frag- 
ments with trypsin for 2-10 hours at 5°C. 
After trypsin treatment, supernatant fluid was 
discarded from settled fragments and collage- 
nase treatment carried out as previously de- 
scribed. Initial trypsinization reduced con- 
centration of erythrocytes in the cell suspen- 
sion, and reduced fragment size to facilitate 
more efficient collagenase action. Monolayer 
primary cell cultures were prepared from cell 
suspension in nutrient medium diluted to con- 
tain 10° cells per ml according to hemocy- 
tometer count(5) or diluted 1:150 according 
to packed cell volume(6). Screw-capped 16 x 
125 mm culture tubes or 200 ml rectangular 
bottles were seeded with 1.0 ml or 10 ml 
amounts of suspension, respectively. After 
preliminary incubation at 37°C for 24-48 hrs, 
cultures were rinsed and the nutrient medium 
completely renewed. After 1-4 days of addi- 
tional incubation, cell monolayers were ready 
for use. Subsequent dispersal of cells for 
transfer was accomplished by trypsin treat- 
ment. 

Results. Adult or fetal lung tissue was 
found refractory to treatment with 0.2% tryp- 
sin in GKN or Hanks’ solution. Agitation 
with trypsin at 37°C or overnight at 5°C, 
commonly sufficient to disperse monkey kid- 
ney tissue efficiently, produced fragments of 
lung about 0.2-2.0 mm in size. These course 
dispersions yielded short-lived outgrowth 


(Figs. 1,3). In contrast, collagenase digested 
lung completely to liberate cell suspensions 
generating healthy monolayers in primary cul- 
ture. After 3-4 days of incubation, monolay- 
ers were confluent and ready for use in virus 
studies (Figs. 2,4). Unlike primary cultures 
prepared from trypsinized tissue, cells from 
collagenase-dispersed suspensions were readily 
passed by conventional trypsinization. Con- 
tinuous cultures are shown in the 5th to 9th 
passages (Figs. 5, 6, 7). Cells in continuous 
swine lung cultures have the morphological 
appearance of mesothelial cells, while those of 
rabbit lung cultures appear more fibroblastic. 
Human lung in primary culture appeared to 
contain a mixture of fibroblastic and_ epi- 
thelial cell types; after 9 serial passages, cells 
appear uniformly epithelial. Effectiveness of 
trypsin and collagenase for dispersion was 
compared also with adult and fetal kidney tis- 
sue. Medullary tissue proved refractory to 
trypsin digestion but not to collagenase treat- 
ment. 

Discussion. Commercially prepared col- 
lagenase was found an effective dispersing 


’agent for preparation of monolayer primary 


cultures from lung and renal medulla, as ex- 
amples of tissue difficult to disperse efficiently 
with trypsin. Cultures of lung tissue were of 
particular interest for study of influenza vi- 
ruses. 

Methods for dispersal of cells from tissue 
or culture monolayers have been instrumental 
in advancement of cell culture technics for 
study of viruses. Trypsin and versene have 
been widely and successfully employed for dis- 
persion of embryonic or adult soft tissue, or 
cultures(1,7). Tissues relatively rich in con- 
nective tissue, however, have been difficult to 
disperse with trypsin(8). Since collagen 
fibers are basic elements of most types of con- 
nective tissue, collagenase was attractive as a 
dispersing agent. Lasfargues(9,10) obtained 


FIG. 3. Two-day culture of trypsin-digested porcine lung. x40. 

FIG. 4. One-day culture of collagenase-dispersed porcine lung. 40. 

FIG. 5. Five-day culture of porcine lung cells in 5th serial passage by trypsin dispersal, 
from primary culture prepared from collagenase-treated lung. 120. au 

FIG. 6. Six-day culture of human lung cells in 9th serial passage by trypsin dispersal, from 
primary culture of collagenase-treated lung. X 120. ; Ole 

FIG. 7. Six-day culture of rabbit lung cells in 6th serial passage by trypsin dispersal, from 
primary culture of collagenase-treated lung. 120. 


22 INFLUENZA VIRUSES IN LUNG CULTURES 


short-lived cultures from parenchymal frag- 
ments of mouse mammary gland released by 
exposure to collagenase. The present studies 
employed glucose-potassium chloride-sodium 
chloride solution as diluent for collagenase 
rather than Hanks’ or other such phosphate- 
buffered solutions, because the enzyme has 
been reported unstable in phosphate buffer 
(11). Present experience indicates that the 
commercial enzyme in stock solution is stored 
better at 5°C than frozen, and that best re- 
sults are obtained when enzyme solutions in 
GKN are prepared shortly before use. Al- 
though prior digestion of lung tissue with 
trypsin often was advantageous to reduce 
erythrocyte contamination, well dispersed cell 
suspensions were prepared with collagenase 
alone. The purified bacterial enzyme as com- 
mercially prepared may include sufficient pro- 
teolytic enzyme, in addition to collagenase, to 
separate cells released from collagen-contain- 
ing stroma. Use of collagenase(12) to re- 
lease cells in quantity from tissue parenchyma 
extensively interlaced with connective tissue 
can be expected to make available new cell 


types for diagnosis of viral infection, for wider ° 


study of virus-host cell relationships, and for 
new sources of virus vaccine. Use of the en- 
zyme makes available a convenient system for 
study of swine influenza virus, in particular, 


Mammalian Cell Cultures for Study of Influenza Virus. II. 
Propagation.* 


since porcine fetal lung together with a sup- 
ply of serum can be obtained from local abat- 
toirs. 

Summary. Primary monolayer cultures of 
human, rabbit and porcine fetal and adult 
lung were prepared conveniently by dispersion 
of tissue with commercially available collage- 
nase in phosphate-free salt solution. 
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Cells easily dispersed from continuous cul- 
tures or from particular tissue sources such as 
kidney and amnion are the mainstay of cell 
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culture procedures for detection and assay of 
viruses and antibodies. For specific study of 
host-cell relationships, however, it is desirable 
to work with primary and/or continuous cul- 
tures of cell types known to be affected in 
vivo. This paper describes susceptibility to 
human and swine influenza viruses of primary 
cultures of cells released from lung paren- 
chyma by treatment with collagenase. 
Materials and methods. Cultures of hu- 
man, rabbit and porcine lung, and whole por- 
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cine kidney for comparison, were prepared as 
previously described (paper 1). Virus sources 
included 14th egg-passage Asian A influenza 
virus obtained from Dr. Marvin Field, Pfizer 
Laboratories, Terre Haute, Ind.; the PR-8 
strain of influenza A (T. Francis, Jr., pas- 
saged in ferrets 34x, mice 593x, eggs 165x), 
and Lee strain of influenza B, (both by pur- 
chase from the American Type Culture Col- 
lection, Washington, D.C.) passed 6 times in 
eggs before use; and swine influenza virus 
(#1976) kindly supplied by Dr. Morris 
Schaeffer, Communicable Disease Center, 
Montgomery, Ala. Virus stocks represented 
1:10 dilutions of lyophilized material (stored 
at —70°C) in Hanks’ solution supplemented 
with 5% horse serum. Vzrus assays with cell 
cultures were performed by inoculation of 5 
culture tubes per 10-fold serial dilution and 
calculation of cytopathogenic 50% endpoints 
by the method of Reed and Muench(1). For 
similar calculations of egg infectivity titers 
(EID; 9), allantoic sacs of 10-day embry- 
onated eggs were inoculated with 0.1 ml doses 
of virus dilutions; eggs were incubated at 
35°C until infectivity was apparent or for a 
period not exceeding 96 hours. Hemagglu- 
tinating potency of virus material was deter- 
mined by standard procedure(2). Propagated 
influenza viruses were identified by use of 
hyperimmune ferret serum (kindly supplied 
by Dr. Morris Schaeffer) in the Salk(3) 
hemagglutination-inhibition pattern test. 
Results. To test susceptibility of primary 
human, rabbit and porcine lung cultures, con- 
fluent monolayers were washed free of nutri- 
ent medium with Hanks’ solution, and re-cov- 
ered with 0.9 ml of maintenance solution (4,5) 
containing 5% inactivated serum (homolo- 
gous for culture species and free of influenza 
virus antibody) and penicillin and streptomy- 
cin to final concentrations of 200 pg per ml. 
_ Prepared tube cultures were inoculated with 
0.1 ml of virus of known titer and incubated 
slanted and stationary at 37°C. For serial 
virus passage, inoculated culture tubes were 
frozen and thawed consecutively 3 times by 
immersion in alcohol-dry ice mixture, and in- 
oculated into new cultures. Inoculated cul- 
tures were passed when cytopathogenic dam- 


age affected 70-80% of each monolayer, or 
after 6-7 days of incubation if cell destruction 
was minor. Human lung cultures unequivo- 
cally propagated A and B human influenza 
viruses and virus hemagglutinins despite cu- 
mulative dilution of original inoculum to in- 
significance (Table I). All 3 human influenza 
viruses retained egg infectivity after 15 pas- 
sages in cell cultures. Contrariwise, infectious 
and hemagglutinating activity of swine influ- 
enza virus was lost rapidly with control serial 
passage. Cytopathogenic effect of the human 
influenza viruses on the human lung cells was 
minimal: peripheral rounding of monolayer 
cells, usually first observed 48-72 hours after 
virus inoculation, progressed for an additional 
48-72 hours, but no further (Fig. 1). Iden- 
tity of propagated human viruses was con- 
firmed by hemagglutination-inhibition titers 
with specific antiserum (Table I). 

Porcine adult and fetal lung cultures propa- 
gated swine influenza virus and hemagglutinin 
to high titer through 20 serial passages (Table 
I) despite theoretical extinction of original in- 
oculum. Although only low cytopathogenic 
titers and no hemagglutinins were recorded for 
A strains of human influenza virus serially 
passed in porcine lung cultures, evidence of 
propagation was substantiated by final har- 
vest of low-titer egg infectious virus. Results 
with influenza B virus were equivocal: mini- 
mal cytopathogenic effect persisted despite 
high cumulative dilution of original inoculum, 
but hemagglutinating activity was not found 
after 15 passages and egg infectious virus was 
not detectable. In contrast to behavior of 
viruses in human lung cultures, cytopatho- 
genic effect of swine virus in swine lung cul- 
tures was marked after 48 hours incubation 
at 37°C (Fig. 2), and almost complete de- 
struction was seen after 72-96 hours. 

Rabbit lung and porcine kidney cultures 
were uniformly unresponsive to blind passage 
of human influenza viruses. Porcine kidney 
cultures, prepared from mixed cortical and 
medullary tissue, propagated swine virus he- 
magglutinin and yielded egg infectious virus 
after 15 passages, although cytopathogenic 
effects were not seen. 

Discussion. For both epidemiologic and 
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TABLE I. Propagation of Influenza Viruses in Monolayer Cultures of Mammalian Lung Dispersed with 


Collagenase. 


Cumula- 


Hemaggluti- 


tive dilu- Super- nation inhi- 
tion of Cytopath- nate bition titer ; 
Total original ogenic hemagglu- as reciprocal Egg infect. 
Celleulture Influenza Passage daysin inoculum titer (log tination of initial — titer (-log 
source virus No. culture (log) ACIDE) qneneun, 10g serum dil. ELDs9) 
Tamer lung A (Asian) 0 NT >So 
al 4 1.0 40 - 
5) 24 3.2 80 fg 
10 54 2.8 80 fl 
15 79 2.9 80 1280 De 
A (PR-8) 0 NT >6 
1 4 3.3 2 9 
5) 24 1.4 30 v2 
10 54 2.0 40 f 
15 79 2.4 80 512 3.8 
B (Lee) 0 NT >4 
It 5 2.4 80 w 
5) 35 1) 20 x 
10 65 1 3.0 80 “ 
15 95 yy 2.8 160 256 5.6 
Swine virus results were negative. 
Rabbit lung A (Asian), A (PR-8), B (Lee) and swine virus results were negative. 
Porcine lung A (Asian) 0 INT >5 
1 4 neg. 10 i 
5 24 1.2 neg ? 
10 54 12 2.0 x ‘ 
15 79 NT, 1.8 ¥ ” 1.0 
A (PR-8) 0 Na >6 
it 4 neg. neg Me 
5 94 ” ” ” 
10 54 12 1.3 = e 
15 19 7 1.0 ff ik 1.6 
B (Lee) 0 INGE >4 
il 4 2.3 20 ‘ 
5 2 1.5 10 ‘i 
10 54 12 1.3 10 512 
15 79 1.0 neg NT neg. 
Swine 0 NT >5 
il 4 6.5 160 a 
5 19 12 640 Bs 
10 34 2 7.9 640 “2 
15 AN, 3 320 i 
20 65 42 8.0 640 512 8.4 
Porcine kid- A (Asian), A (PR-8) and B (Lee) virus results were negative. 
ney (cortex Sas 0 NT 5 
& medulla) 1 v1 3 neg. 40 - Ze 
5 27 9 4 20 2% 
10 51 14 id 20 ay 
15 80 20 a 20 v 2.0 
NT signifies not tested. 
fundamental studies of host-cell virus rela- heterologous relationship(7,8,9). In these 


tionships, cultures of cells normally the target 
of in vivo infection are desirable. Although 
poliovirus notably has been studied success- 
fully with cells not susceptible im vivo(6), 
other viruses including influenza viruses have 
not been so easily propagable in cultures of 


studies, human and swine influenza viruses 
clearly multiplied in and were usefully cyto- 
pathogenic for primary cultures of human and 
porcine lung, respectively. These findings 
emphasized the value of collagenase treatment 
for dispersal of tissues held together by 
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FIG. 1. Porcine lung cells of primary scalars of collagenase- dishersea tissue, 48 hr Te in- 


oculation eee swine influenza yirus. 200. 


PIG. 2. Human lung cells of primary culture of collagenase-dispersed tissue, 96 hr after in- 


oculation of human influenza virus. 
BiGas 


oculation of swine influenza virus. 120. 


fibrous stroma. Interestingly, specific host- 
cell virus relationships were disclosed. Swine 
influenza virus, for example, was propagated 
readily in swine lung cells but not swine kid- 
ney or human lung cells. The human Asian, 
PR-8 and Lee viruses multiplied in human 
lung cultures, and appeared to multiply also 
in porcine lung cultures, although cytopatho- 
genic titers did not increase with serial pas- 
sage and hemagglutinins were lost finally. Al- 
though propagation of human viruses in por- 
cine lung cultures was of lesser magnitude 
(or equivocal in the case of Lee virus), it was 
sufficient to merit further investigation. If 
human strains could be adapted to better 
growth in swine cells without loss of antigenic 
character, a non-primate cell culture source of 
virus for human vaccine might be made avail- 
able. Initial results with swine virus and por- 
cine lung cultures are adequate to indicate 
that adult or fetal collagenase-dispersed lung 
should be useful for detection and propaga- 
tion of this virus. The system appeared sus- 
ceptible to quantitation because plaque forma- 
tion was seen in infected monolayers, even 
without agar overlay. Although cytopatho- 
genic effect of human influenza viruses on hu- 
man lung cells was much less severe than that 
of swine virus on swine lung cells, the former 
as well as the later was neutralized speci- 
fically by diagnostic hemagglutination-inhibit- 


Peripheral cells are typically rounded. 
3. Rabbit lung cells of primary culture of collagenase-dispersed tissue, 6 


SK 120, 
after in- 


days 
ing antiserum. The relative susceptibility to 
influenza viruses of human and porcine lung 
cultures, and presence of morphologically 
recognizable epithelial elements, suggest that 
collagenase-dispersal released parenchymal 
cells in large numbers. Although the same re- 
sult might be expected for rabbit lung, it is 
not apparent whether the complete insuscepti- 
bility of collagenase-dispersed rabbit lung cul- 
tures to influenza viruses (Fig. 3) should be 
attributed to species or cell type. 

Summary. Collagenase-dispersed human 
and porcine lung cells in primary culture un- 
equivocally propagated human strains A and 
B, and swine influenza viruses, respectively. 
Swine lung cells also propagated human in- 
fluenza A viruses to some extent. Swine virus 
infection destroyed, and human virus infection 
less severely damaged porcine and human 
lung cells respectively. Rabbit lung cells were 
insusceptible to human and swine influenza 
viruses. Swine kidney cells propagated egg- 
infectious swine influenza virus and hemagglu- 
tinin without cytopathogenic effect. 


1. Reed, L. J., Muench, H., Am. 
v27, 493. 

2. Hirst, G. K., Science, 1941, v94, 22. 

3. Salk, J. E., J. Imm., 1944, v49, 87. 

4. Scherer, W. F., Am. J. Path., 1953, v29, 113. 

5. Syverton, J. T., Scherer, W. F., Ellwcod, P. M., 
J. Lab. Clin. Med., 1954, v43, 286. 


J. Hyg., 1938, 


26 MucopoLySaACCHARIDE METABOLISM IN SERUM SICKNESS 


6. Kaplan, A. S., Virology, 1955, v1, 377. 

7. Mogabgab, W. J., Green, I. J., Dierkhising, D. C., 
Phillips, I. A., Proc. Soc. Exp. Bion. anp MEp., 1955, 
v89, 654. 


8. Mogabgab, W. J., Green, I. J., Dierkhising, D. C., 
Science, 1954, v120, 320. 
9. , J. Lab. Clin. Med., 1954, v44, 899. 


Received February 10, 1959. P.S.E.B.M., 1959, v101 


Metabolism of Acid Mucopolysaccharides of Rabbits with Serum Sickness.* 
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GERALD S. BERENSON (Introduced by R. A. Coulson) : 
Dept. of Medicine, Louisiana State University School of Medicine, New Orleans 


The clinical description of serum sickness 
by Von Pirquet and Schick(1), aroused con- 
siderable interest. More recently, Gregory 
and Rich(2) demonstrated that serum sick- 
ness can be produced readily in rabbits and 
can serve as a useful experimental model to 
study phenomena of hypersensitivity. In 
studies with rabbits, lesions of connective tis- 
sue structures are observed, similar to those 
associated with the group of diffuse diseases 
of human connective tissue, as lesions asso- 
ciated with polyarteritis nodosa. One factor 
that seems common to the human diseases, ex- 
perimental serum sickness, and related hyper- 
sensitivity states is the similar pathologic in- 
volvement of matrix or ground substance of 
connective tissue. This similarity is the basis 
for considering an etiologic relation between 
hypersensitivity and diseases of connective 
tissue. Although such relation remains to be 
established, the inflammatory response of 
components of connective tissue to disease due 
to hypersensitivity is provocative. For pur- 
poses of studying this inflammatory response, 
biochemical technics were used to investigate 
components of the matrix of connective tissue. 
The effect of serum sickness on acid muco- 
polysaccharides (MPS) of skin and cartilage 
of rabbits was observed. 

Methods and materials. Six groups of 4 to 
6 rabbits, each of approximately 2.6 ke 
weight, were studied. The rabbits were of- 
fered water and laboratory chow freely. Se- 
rum sickness was induced in one-half or more 
of each group by 2 intravenous injections of 


* Supported by grants from Am. Heart Assn. and 
Nat. Heart Inst. 


horse serum (10 ml/kg) given 2 weeks apart 
(3). From each group 2 rabbits were se- 
lected: one demonstrating most clinical evi- 
dence of serum sickness, judged by sedimenta- 
tion rates and changes in weight, was matched 
approximately by weight with a normal rab- 
bit. Rabbits were sacrificed 6 days after sec- 
ond injection of horse serum, when maximal 
lesions from serum sickness are expected(3). 
Examination of gross and histologic sectionst 
confirmed the presence of pathologic lesions 
of serum sickness. During period of observa- 
tion after second injection of horse serum to 
sick animals, the pair selected from each group 
(one animal with serum sickness and its con- 
trol) received subcutaneous injections (50 
pc) of C™ carboxyl-labeled sodium acetate? 
in 0.15 M solution 3 times a day. One series 
of 3 pairs received the isotope for 3 days (450 
pc) and another 3 pairs for 5 days (750 pc) 
before sacrifice. Timing of administration of 
labeled acetate was chosen for comparison 
with other observations in normal animals(4). 
MPS, hyaluronic acid and chondroitin sulfate, 
were isolated from skins of rabbits by methods 
previously described(5), and chondroitin sul- 
fate was isolated from cartilage(6) obtained 
from various sites of body, such as ears, tra- 
chea and sternal cartilages. The amount of 
MPS isolated was determined by weighing or 
estimated from solutions by uronic acid deter- 
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minations(7). In addition, glycogen was iso- 
lated from skeletal muscle and liver of in- 
dividual rabbits and fractionated with alcohol 
(8) to yield preparations with optical rotation 
[a]? of + 200°. Radioactivity of C’* in 
MPS and glycogen was determined by micro- 
combustion of samples, collected as BaCOs3 
and counted in open window, gas-flow 
counter. Radioactive counts were corrected 
to “infinite thickness’ and to equivalent 
weights of rabbits. Analyses of data from nor- 
mal animals in these and other experiments 
(4) yielded average variation of approxi- 
mately + 18% (range, 1 to 47%) for a sin- 
gle animal. These experiments include tripli- 
cate determinations for each category studied. 

Results. Total amount of MPS that could 
be isolated from skin or cartilage was essen- 
tially the same for each group of animals. Ra- 
dioactivity of hyaluronic acid from skin was 
slightly higher for rabbits with serum sickness 
[avg. 3800 (3050-4180)] than for controls 
[avg. 3005 (2900-3165) | in the series that re- 
ceived isotope for 5-day period. Similarly, 
radioactivity of chondroitin sulfate from skin 
of rabbits with serum sickness [avg. 1603 
(1330-1785) ] was slightly greater than ob- 
served for controls [avg. 1324 (902-1600) | 
after receiving C1* acetate for 5 days. No 
apparent effect was observed for the series 
with 3 days of isotope administration and no 
differences of isotope incorporation were ob- 
served for chondroitin sulfate of cartilage in 
either series. In glycogen samples, a consid- 
erably greater incorporation of isotope in dis- 
eased animals was demonstrated. Increase of 
radioactivity in glycogen was noted particu- 
larly in samples from liver and in animals that 
received isotope for 5 days. The average of 
the group with serum sickness was 2080 
(1440-2720) and 192 (171-211) for the con- 
trol group. A 2-fold increase of comparative 
radioactivity for sick animals was observed 
for muscle. Smaller but definite differences 
in the same direction were found in the series 
receiving isotope for 3 days. In addition, to- 
tal amount of glycogen that could be extracted 
from livers of rabbits with serum sickness was 
approximately one-half that for control ani- 
mals. 


Discussion. The magnitude of differences 
observed, is only slightly greater than the 
limit of error for such experiments. Since 
isolation and study of radioactivity of these 
compounds require a relatively large quantity 
of tissue, skin and cartilage were considered 
most suitable for study; however, selection of 
tissue may have limited the detection of 
changes of MPS. Serum disease produces dif- 
fuse pathologic changes, with small lesions 
throughout various connective tissue struc- 
tures and tissues studies probably represent 
an admixture of tissue with and without le- 
sions. These studies primarily measure incor- 
poration of an isotope into MPS, without a 
quantitative estimate of the MPS pool. Al- 
though it would be desirable to know effect 
of serum sickness on rate of synthesis of MPS 
of the body or in a uniform lesion, incorpora- 
tion alone is not an absolute measure of syn- 
thesis. The isolation under comparable con- 
ditions of equal amounts of MPS from tissues 
of normal and diseased animals and the slight 
variance of isotope labeling, suggest that se- 
rum sickness does not produce significant 
changes in the over-all metabolism of MPS. 

Contrary to studies of MPS, a rather re- 
markable effect was observed on liver glyco- 
gen and, to a lesser extent, on muscle glyco- 
gen. That changes occurred in glycogen is a 
further manifestation of the generalized ill- 
ness. Such changes in glycogen could be in- 
terpreted as nonspecific, being similar to those 
that accompany starvation(9,10). 


Summary. Studies of incorporation of CM- 
labeled acetate into MPS, hyaluronic acid and 
chondroitin sulfate from skin and chondroitin 
sulfate from cartilage of rabbits with and 
without serum sickness, indicated little differ- 
ence effected by serum sickness. Specific ac- 
tivities of skin MPS were possibly increased. 
Greater incorporation of the isotope was ob- 
served in liver and muscle glycogen from rab- 
bits with serum sickness. Further study of 
other hypersensitivity reactions and of tis- 
sues more specifically involved by such reac- 
tions need investigation. Such experiments, 
currently in progress utilizing the local 
Shwartzman lesion, do indicate a considerable 
increase of metabolic activity of the MPS. 
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It has been shown that Masugi’s experi- 
mental nephritis can be enhanced and evolu- 
tion towards specific clinical forms determined 
with the aid of conditioning factors such as 
saline-drinking water and/or unilateral ne- 
phrectomy(1,2). The present paper is con- 
cerned with the effect of these conditioning 
factors upon various electrophoretic fractions 
of serum globulins in normal and nephritic 
rabbits. 

Materials and methods. A. Control: 
Thirty-four albino rabbits of either sex weigh- 
ing 2800-3200 g, were separated into 4 groups 
as follows: 16 were controls; 7 were submitted 
to unilateral nephrectomy; 7 were maintained 
on saline-drinking water; 4 were unilaterally 
nephrectomized and one month subsequently 
were given saline-drinking water. All animals 
were bled at various intervals during follow- 
ing 6 months. Total serum proteins were de- 
termined with biuret method of Reinhold(3). 
Tiselius moving boundary electrophoresis de- 
termined various serum protein fractions. The 
results were averaged for each group and 
mean values and standard deviation deter- 


| 3X?) 
mined ( SDs jal . B. Glomeru- 
Niet 
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lone phritis was induced with duck antirabbit- 
kidney serum prepared according to method 
previously described(2). Pools and amount 
of sera provoked clinical and _ pathological 
symptoms of glomerulonephritis in all experi- 
mental animals. However, in contrast with 
the kaleidoscopic but relatively mild symp- 
toms of controls, the unilaterally nephrecto- 
mized group uniformly showed acute glomeru- 
lonephritis with early death accompanied by 
non-edematous (dry) uremia, while saline 
treated animals developed either subacute 
edematous or chronic polyuric glomerulone- 
phritis. Clinical findings were substantiated 
by histologic studies(2). All animals were 
bled at varying intervals before and after ne- 
phrotoxic injection. The results of electro- 
phoretic determinations, obtained between 7th 
and 21st day following nephrotoxic injection, 
were averaged and differences from control 
baseline expressed in standard deviation units: 


Results. Table I shows results of 44 elec- 
trophoretic determinations averaged for each 
group of normal and preconditioned rabbits. 
Conditioning procedures do not alter the elec- 
trophoretic pattern of serum as compared to 
controls. Total mean values shown in extreme 
right column were used as control baselines 
for each electrophoretic protein fraction. 
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TABLE I. Electrophoretic Fractionation of Globulins in the Serum of Normal and Preeondi- 
tioned Rabbits (mg/100 ml Serum). 


Unilaterally 


Normal nephrecto- 


Unilateral 


Saline nephrectomy 


Globulin fraction control mized drinking and saline Total mean + §.D. 
Total alpha globulins 1.01 1.09 roe ero KOs Spee al 
Alpha-1 21 Ws 22 21 23 + .09 

meee 45 44 45 44 45 + .09 

ee 35 36 37 35 35 + .09 
Total beta globulins 86 90 88 84 Oise 22 
Beta-1 56 .62 .63 62 D9 A 16 

5 29 ne 25 23 28 + 15 
Gamma globulins .64 70 66 .60 65 + .24 


Fig. 1 summarizes results of 25 electropho- 
retic determinations performed between 7th 
and 21st day following injection of nephro- 
toxic serum. The columns show average devi- 
ations from control values as expressed in 
standard deviation units (S.D.). Shaded area 
eaves 2,005: (2-9... Ps) .01).. 

The dose of nephrotoxic serum did not in- 
duce significant alteration in serum globulin 
values of control rabbits. However, unilater- 
ally nephrectomized rabbits increased alpha-3 
globulin fraction, while saline-drinking ani- 
mals increased alpha-2 serum globulin com- 
ponent following nephrotoxic injection. 

A typical normal electrophoretic pattern of 
rabbit serum is shown in Fig. 2. The addi- 
tional intermediate fraction situated between 
alpha-2 and beta-1, has been conventionally 
called alpha-3. It was present in all 69 elec- 
trophoretic determinations. 

Fig. 3 shows electrophoretic patterns of a 
control and of 3 preconditioned rabbits 3 
weeks after intravenous injection of similar 
doses of nephrotoxic serum. Alterations of 
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FIG. 1. Deviation from control baseline of various 

serum globulins during experimental nephritis in- 

duced with antirabbit kidney duck serum in rab- 

bits: 1. normal; 2. uninephrectomized; 3. saline- 

drinking; 4. uninephrectomized and saline-drink- 
ing. 


FIG. 2. 


Moving boundary electrophoretic pattern 
of normal rabbit serum. 


serum protein patterns are in agreement with 
average deviation shown in Fig. 1. 


Discussion. From above results it may be 
concluded that nephrotoxic sera, in doses that 
do not influence the electrophoretic serum 
globulin pattern of control rabbits, may in- 
duce significant alterations when given to ani- 
mals preconditioned with saline and/or uni- 
nephrectomy. When nephrotoxic serum was 
given to saline preconditioned animals, a sig- 
nificant increase of alpha-2 serum globulin 
was noticed. Considering that these animals 
developed chronic glomerulonephritis with 
polyuria and hyposthenuria(1,2), the increase 
of alpha-2 serum globulins reproduces experi- 
mentally a pathologic condition already re- 
ported in chronic nephritic patients(4,5). 
Alpha-2 globulin increase could be caused, 
according to Eiselt and Hrabane(4), by ad- 
sorption of lipids secondary to hyperlipemia 
which is common in this disease. However, 
since it appears in chronic forms of both hu- 
man and experimental nephritis, the possibil- 
ity of increased serum hypertensinogen (also 
an alpha-2 euglobulin) should not be dis- 


30 SERUM GLOBULINS IN 


FIG. 3. 


Alteration of serum electrophoretic pat- 
tern during experimental nephritis in rabbits: 
(a) eontrol; (b) saline-drinking; (¢) uninephrec- 
tomized; (d) uninephrectomized plus saline. 
counted. The conditioning effect of salt, dem- 
onstrated in chronic forms of experimental ne- 
phritis(1,2), confirmed observations of Barker 
and Robinson in humans(6). 

When nephrotoxic serum was given to ani- 
mals preconditioned by surgical removal of 
one kidney, the alpha-3 globulin fraction was 
significantly increased. The animals exhibited 
severe nephritis-nephrosis lesions presumably 
because the residual kidney received the same 
amount of nephrotoxic antibodies absorbed by 
2 kidneys in controls(2). The association be- 
tween nephritis-nephrosis lesions and in- 
creased alpha-3 globulin can be considered an- 
other experimental parallel with the disease 
in humans. Instead of the alpha-3 fraction 
which does not exist in human serum, the 
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neighboring alpha-2 and beta globulins in- 
creased in adult patients with mixed nephritis- 
nephrosis(5,8), and in children with lipoid 
nephrosis(5). The alpha-3 globulin found as 
constant component of rabbit serum in above 
determinations was not reported in the work 
of Ellis using paper electrophoresis. The Fig- 
ures suggest that the intermediary fraction was 
included in neighboring alpha and beta globu- 
lins(7). 

Summary. 1. Experimental glomerulone- 
phritis following administration of antirabbit 
kidney duck serum was induced in normal and 
preconditioned rabbits. 2. Significant altera- 
tions in serum globulins were recorded only in 
preconditioned animals. a) Rabbits precon- 
ditioned with 0.9% saline-drinking water de- 
veloped clinical symptoms of chronic glomeru- 
lonephritis and showed significant increase of 
alpha-2 serum globulin fraction. b) Animals 
preconditioned by uninephrectomy showed se- 
vere nephritis-nephrosis lesions associated 
with significant increase of serum globulin 
fraction situated between alpha-2 and beta 
globulin (alpha-3 globulin) in the moving 
boundary electrophoretic patterns. 
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Serum Elastase Inhibitor. Levels in Animal and Human Sera, including 


Selected Disease States.* 


(24822) 


Roy L. WALFoRD AND ROBERT SCHNEIDER 


(Introduced by Charles L. Yuile) 
Dept. of Pathology, University of California School of Medicine, Los Angeles 


The elastolytic enzyme of pancreas, elas- 
tase, can exert im vitro a powerful solubilizing 
action upon ordinarily highly insoluble sclero- 
protein elastin, and is the only known mam- 
malian enzyme to have this effect. The role 
of the enzyme in the body is largely unknown. 
Animal and human sera possess an inhibitor 
for the enzyme(1,2,3). In the present study 
of inhibitor substance we shall present data 
concerning(1) certain variables involved in 
measuring the elastase-inhibitor level of se- 
rum, (2) localization of the inhibitor among 
serum fractions separated by starch-block 
electrophoresis, and (3) representative levels 
of the inhibitor in the sera of certain animal 
species, normal values for healthy humans of 
various age groups, and levels in selected dis- 
ease states in the human. 

Materials and methods. Elastase was pre- 
pared as previously described(3). The elas- 
tin substrate was made by treating ground de- 
fatted human aorta with 0.1 N NaOH at a 
temperature of 98°C for 45 minutes, accord- 
ing to the method of Lansing e¢ al.(4). Un- 
less otherwise stated, the inhibitor test system 
consisted of 20 mg of substrate, 4 ml of pH 
8.0 veronal-acetate buffer containing a total 
of 0.8 mg of elastase, and 0.15 ml of the serum 
to be tested. The reagents were rapidly added 
in the order given. Controls consisted of the 
same quantity of substrate plus 4.15 ml of 
buffer containing a total of 0.8 mg of elastase. 
The tubes were incubated at 37°C for one 
hour. Percent inhibition was then determined 
by gravimetric data, using the formula: 


No. mg elastin sol-__ No. mg elastin sol- 


% inhi- ubilized in control ubilized in test 


bition = 


No. mg elastin solubilized in control 
x 100. 


Serum fractions were obtained using starch- 
block electrophoresis with veronal-acetate 


* Supported by grant from Nat. Inst. of Arthritis 
and Metabolic Diseases, N.I.H. 


buffer of pH 8.6. Fractions were eluted from 
each 0.5 cm of the block, and aliquots ana- 
lyzed for protein content by Lowry’s method 
(5): Inhibitor levels of representative frac- 
tions were then measured both by employing 
equal volumes of eluate and by employing ali- 
quots adjusted to contain equal protein con- 
tent. The original electrophoretic curve was 
then compared by visual inspection with 
these two types of inhibitor curve (Fig. 2). 


Results. Inspection of Fig. 1 clearly indi- 
cates that per cent inhibition varies with time. 
A small portion of this variability might be 
explained by a mild thermolability of the in- 
hibitor. Serum pre-heated to 37°C for 2 
hours retained at least 75% of its inhibitory 
activity. Heating serum to 45°C for 20 min- 
utes did not destroy its inhibitory effect, but 
at 55°C for the same time period a marked 
loss in activity was observed. The actual 
mechanism of the inhibition and the kinetics 
of the reaction cannot be assessed from data 
thus far collected. It may be said, however, 
that level of serum inhibitor is not influenced 
by pre-exposure of the serum to an excess of 
purified elastin. 

Fig. 2 indicates that the inhibitor substance 
is located approximately at the alpha,-globu- 
lin/albumin junction of the electrophoretic 
curve of serum, and is absent from other 
globulin fractions. 

Inhibitor levels in the sera of certain animal 
species are specified in Table I. Time curves 
for dog serum showed a pattern qualitatively 
quite similar to that of Fig. 1 for human se- 
rum. For 21 human male sera mean value of 
elastase-inhibitor under the particular condi- 
tions of our experiments was 56.6% with a 
standard deviation of + 10.5. Levels in fe- 
males appeared slightly higher, with a mean 
value for 8 sera of 65.9%. No significant vari- 
ation in inhibitor levels with age of the in- 
dividuals from the newborn period to 68 years 
was detected. In Table II are presented in- 
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Effect of time of incubation on measurement of elastase-inhibitor of human serum. 


For these curves the system comprised 20 mg elastin, 0.5 mg elastase, 4.0 ml buffer, and 0.1 ml 


of either serum or additional buffer. 
ubilized in presence of inhibitor (serum) ; 
FIG. 2. Loealization of elastase-inhibitor 


OQ = % elastin solubilized in control; 
e@ — % inhibition. 
activity in serum fractions obtained by stareh- 


e@ — % elastin sol- 


block electrophoresis. One curve (Q-——O) was obtained by testing equal volumes of eluate, 


another (@ 


@) by testing 


hibitor levels in certain physiologic or patholo- 
gic conditions in the human. These include 
the third trimester of pregnancy, arterioscle- 
rosis, liver injury (the criterion for selection 
here being a 4+ cephalin cholesterol floccu- 
lation), disseminated lupus erythematosus, 
dermatomyositis, and severe nephrosis. These 
diseases were selected as representing either 
greatly altered protein mtabolism, or condi- 
tions in which elastic tissue injury might con- 
ceivably be anticipated, with the idea that 
such changes might be reflected in altered 
serum elastase-inhibitor levels. Consistently 
high levels were obtained in pregnancy. 
There seemed to be a moderate increase in 
serum elastase-inhibitor in a number of the 
disease states investigated, but no particular 
pattern was evident. 

Discussion. A comment is in order about 


TABLE I. Representative Values for Elastase-In- 

hibitor in Sera of Normal Adult Animals. Values 

are given as % inhibition for 3 or more individuals 
of each species. 


Species % inhibition 
Chicken 55.2, 63.7, 67.5 
Rabbit 48.7, 53.8, 52.3 
Guinea-pig 56.1, 63.0, 52.0 
Rat 37.9, 55.1, 57.6, 59.2 
Mouse 78.4, 82.0, 85.7, 92.2 
Sheep 59.8, 60.9, 79.0 
Dog 21.8, 26.6, 36.8 
Monkey 40.4, 55.6, 59.0 


aliquots of different volume but of equal protein content. 


TABLE IL. Levels of Serum Elastase-Inhibitor in 
Third Trimester Pregnancy, and in Selected Dis- 
ease States in the Human. 


Condition % inhibition 


89.4, 91.7, 94.7, 96.0, 97.8, 98.0, 
98.6, 99.0, 99.5 
58.4, 62.4, 71.8, 81.3, 82.6 
24.1, 81.3, 81.8, 85.7, 86.4 
aie 51.0, 59.0, 61:5, 71.4, oe 
35.9,+ 69.2 + 79.3,1 88.5 18 


Pregnaney, third 
trimester 

Disseminated L.E. 

Dermatomyositis 

Arteriosclerosis* 

Liver damage (4-++ 
ceph. floc.) 


Nephrotic syndrome 69.6, 77.9, 94.2 


* All patients less than 60 years old. 

t Laennece’s cirrhosis. 

¢ Infectious hepatitis. 

§ Paraproteinemia, type undetermined. 


the reproducibility of elastase-inhibitor de- 
terminations performed at the arbitrary incu- 
bation time of one hour. To test this point, 5 
separate, single determinations were made 
over a 3-month interval on aliquots of the 
same sample of human serum. The values, in 
the order obtained, were 47.5, 50.9, 49.3, 46.1. 
and 45.7% inhibition. This seems very satis- 
factory concordance for a measurement of 
this type. It is true that the curves for per 
cent elastin solubilized in control and in pres- 
ence of inhibitor (as illustrated in Fig. 1) may 
vary somewhat from day to day. The varia- 
tion is not marked, however, and the 2 curves 
vary in a proportional manner. Hence the 
overall per cent inhibition remains reasonably 
constant in separate determinations done at 
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the same time intervals up to and including 
one hour. At 2 and 4 hours of incubation, 
however, the determination is not highly re- 
producible. It should also be remarked that 
certain adjustments must be made in the test 
system if different batches of elastase itself 
are used, since the enzyme preparation, while 
quite potent, is not pure. This can be done 
by using stored frozen serum as a standard, 
in accordance with the values cited above. 
All numerical data presented in this paper, 
however, were obtained by use of a single 
batch of the enzyme. In a number of experi- 
ments we found that addition of twice the 
amount of serum led approximately to a 
doubling of per cent inhibition, and corre- 
spondingly for other amounts. This accords 
with results published by Banga et al.(2) and 
indicates that per cent inhibition bears a 
quantitative relation to a serum factor or 
factors. 

_ Because elastase is known to have potent 
proteolytic activity against a wide variety of 
substrates(6), the question arises whether the 
inhibitor is indeed a specific substance, or 
whether the inhibition is merely a phenome- 
non of general protein interference. Evidence 
seems to favor the former view and may be 
set forth as follows. In separate experiments 
we found that casein—which is rapidly and 
extensively hydrolyzed by elastase—has only 
a negligible inhibitory effect upon elastolytic 
activity of the enzyme. At the same time, 
the serum elastase-inhibitor has no measur- 
able inhibitory effect upon casein-proteolytic 
activity of the enzyme(3). Secondly the in- 
hibitory activity of serum is located in a spe- 
cific area of the electrophoretic curve as illus- 
trated in Fig. 2. Thirdly, we found no rela- 
tion between serum elastase inhibitor activity 
and total protein content of 7 human serum 
specimens with total protein values ranging 
from 3.6 to 7.9 g per 100 ml. Paper electro- 
phoretic protein patterns were also available 
for these 7 specimens. An attempt was made 
to correlate per cent elastase inhibition with 
absolute values for alpha;-globulin and/or al- 
bumin in these sera, in view of our results 
with eluates from starch-block electrophoresis 
(Fig. 2). No strict correlation obtained, al- 
though the 2 highest inhibitor levels were 


shown by the 2 sera with highest alpha,- 
globulin fractions, and the lowest inhibitor 
level by the serum with the lowest alpha,- 
globulin fraction. While the inhibitor resides 
in the alpha,-globulin/albumin portion of se- 
rum, it is not simply proportional to the ab- 
solute quantity of either of these whole frac- 
tions. 

The level of elastase-inhibitor in normal hu- 
man serum appeared to be independent of age. 
Individuals tended to maintain the same in- 
hibitor levels when examined on successive 
occasions. Inhibitor level did not vary sig- 
nificantly with ingestion of food, including 
fat-rich meals. Consistently high values were 
obtained in sera from the third trimester of 
pregnancy (Table II). This may be of some 
interest in view of the increased incidence of 
dissecting aortic aneurysm among those fe- 
males less than 40 years of age who are preg- 
nant(7). In this age group dissecting aneu- 
rysm is particularly associated with elastic 
tissue lesions. The serum elastase-inhibitor 
appeared moderately elevated in most in- 
stances of all the pathologic states studied. 
No explanation exists at present for the oc- 
cational low or very high values obtained 
(Table Il). We were not able to confirm the 
existence of abnormally low values for elas- 
tase-inhibitor in sera of patients with arterio- 
sclerosis, as reported by Balo and Banga(1). 
Our values for animal sera (Table I) ought 
not to be taken for more than they are worth, 
since time curves and other studies were not 
done except for man and the dog. The animal 
data are merely meant to suggest that a wide 
variety of animal sera also contain elastase- 
inhibitor, and probably in a range broadly 
comparable to human serum. 

Summary. <A study of certain variables in- 
volved in measuring elastase-inhibitor activity 
of animal and human serum is presented, with 
particular emphasis upon time of incubation 
of the system. The inhibitor is shown to re- 
side at the alpha,-globulin/albumin junction 
of electrophoretically fractionated serum, but 
is not itself directly proportional to absolute 
values of either of these fractions. Inhibitor 
level in humans is probably independent of 
age. Mean value for males is about 56.6% 
under the experimental conditions outlined in 
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this report. Value for females is somewhat 
higher. Representative levels for sera of 
chicken, rabbit, guinea-pig, rat, mouse, sheep, 
dog, and monkey are given. Inhibitor is 
greatly elevated in sera of human females dur- 
ing the third trimester of pregnancy. In a 
number of selected disease states the inhibitor 
was found usually to be moderately elevated, 
although no consistent pattern was noted. 
The inhibitor was not diminished in sera of 
patients with arteriosclerosis. 
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Alpha-2 Lipoprotein in Man and Its Relation to Myocardial Infarction.*t 
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G. Toro, P. G. ACKERMANN, W. B. Kounrtz anp J. Toro 
Division of Gerontology, Washington University School of Medicine, and St. Louis Chronic Hospital 


In studies on human serum lipoproteins 
using starch zone electrophoresis, the lipopro- 
teins, as measured by cholesterol distribution, 
are readily separated into 3 main fractions 
(1,2). Fig. 1-A shows a cholesterol distribu- 
tion curve obtained from a normal young male 
subject together with corresponding protein 
distribution curve. In healthy elderly individ- 
uals a similar curve is obtained as shown in 
Fig. 1-B, with a decrease in alpha-1 choles- 
terol percentage of approximately 1% and a 
corresponding increase in beta cholesterol, 
with no change in alpha-2 cholesterol per- 
centage. Among elderly individuals with mod- 
erate or advanced atherosclerosis, a common 
type of curve is shown in Fig. 1-C, with a 
higher percentage of cholesterol in the beta 
fraction. Similar results have been noted by 
other workers(3,4,5) using paper electropho- 
resis in which only alpha and beta fractions 
are usually reported. In 24% of our male 
subjects there were lipoprotein curves with in- 
creased percentage of cholesterol in the alpha- 
2 fraction. Recently E. B. Smith(6) using pa- 


* Supported, in part, by funds from Gerontological 
Research Fn. 

t A portion of this material was presented by senior 
author before First Pan-Amercan Congress of Ger- 
ontology, Sept. 22, 1956, Mexico City. 


per electrophoresis noted a component which 
migrated between alpha and beta fractions 
(designated pre-beta fraction by this author) 
which appeared associated with presence of 
recent myocardial infarction in the patient. 
Schettler and his coworkers(7) using starch 
electrophoresis also mentioned that changes 
in the lipoprotein pattern may occur with 
myocardial infarction. We were therefore in- 
terested in determining the incidence of such 
diseased states among subjects with increased 
alpha-2 cholesterol. 

Methods. Our subjects were patients of 
one of the authors (WBK). Lipoprotein de- 
terminations were made on selected patients 
visiting the physician for periodic check-ups. 
Ages varied from 35 to 83 years, most between 
50 and 70. Three hundred male patients, | 
taken in order, were used. The subjects were 
all of better than average economic status and 
presumably all had adequate dietary intake 
which was probably relatively high in fats. 
All blood samples were obtained in the morn- 
ing with subjects in basal state and lipopro- 
tein determinations carried out by the method 
used earlier(2). 

Results. Patients were divided into groups 
on the basis of percentage of cholesterol found 
in the alpha-2 fraction. Thirty-eight, or 
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FIG. 1 (left). A. Cholesterol lipoprotein curve and protein curve on a 27-yr-old healthy male 


subject. 


B . Cholesterol lipoprotein curve on a 68-yr-old male in good health. C. Cholesterol 


lipoprotein curve on a 70-yr-old male with advanced atherosclerosis. 
FIG. 2 (right). A, B, C. Cholesterol lipoprotein curves on men with elevated alpha-2 frac- 
tions and histories of previous myocardial infarctions. Ages of patients are 61, 48 and 52 yr, 


respectively. 


12.6%, had an alpha-2 cholesterol of over 
20% (Group I), 34, or 11.3%, had alpha-2 
cholesterol of between 16 and 20% inclusive 
(Group IT), and the remaining 228, or 76.0%, 
had an alpha-2 cholesterol of less than 16% 
(Group III). After classification on the basis 


of alpha-2 lipoprotein level, histories were ex- 
amined for evidence of previous myocardial 
infarctions or other cardiovascular disease. 
The results are shown in Table I. 

Of those in Group I, 28 had histories of 
definite myocardial infarcts from 2 months to 


TABLE I. Lipoprotein Cholesterol Distribution in Relation to Myocardial Infarction. Average 
serum cholesterol levels in mg/100 ml and percentage of cholesterol in different fraction. (Fig- 
ures in parentheses represent range of values. See text for detailed explanation of groupings.) 


Cholesterol distribution (%) 


Total cholesterol 
No. (mg %) al a-2 B 
Group I (avg age 56) 
1. With myocardialinfarction 28 306 (205-390) 13 ( 9-21) 24 (21-49) 62 (41-71) 
2. Other disease (see text) 7 375 (305-490) 8( 5-12) 48 (20-69) 44 (25-74) 
3. No infarct 3 (165-205) (15-28) (21-23) (50-71) 
Group II (avg age 55) 
1. With myocardialinfarction _ 10 304 (225-395) 13 (12-15) 19 (16-20) 68 (65-75) 
2. With hypertensive cardio- 7 280 (230-315) 16 ( 9-22) 18 (16-20) 66 (63-72) 
vascular disease 
3. Little detectable cardiac 17 225 (195-310) 21 (17-26) 17 (16-20) 62 (57-68) 
disease ; 
Group IIT (Avg age 62) 
‘¢Normal’?’ alpha-2 lipo- 228 280 (180-360) 18 (10-25) 12( 8-15) 70 (60-80) 


protein 
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2 years previous, as indicated by clinical evi- 
dence and electrocardiographic changes. Typi- 
cal lipoprotein curves for 3 of these individuals 
are shown in Fig. 2. Note distinct alpha-2 
peak in all instances. 

Seven additional patients had very high 
alpha-2 fractions. All had hyperlipemia, ne- 
phrosis, liver disease, or other conditions 
known to cause a markedly elevated alpha-2 
cholesterol(8). Since the elevation due to 
these causes could completely mask any 
changes due to possible myocardial infarction; 
these subjects were not considered further. 
The 3 remaining patients in Group I showed 
no positive evidence, clinically or electrocar- 
diographically, of previous myocardial infarc- 
tion. 

Ten of the patients in Group II had a his- 
tory of previous myocardial infarctions as in- 
dicated by clinical symptoms and electrocar- 
diographic changes, 7 more had moderate to 
severe hypertensive cardiovascular disease, 
but without any definite evidence of previous 
infarction, while the remaining one-half had 
little evidence of cardiovascular disease. Of 
the 228 remaining patients with normal alpha- 
2 lipoprotein cholesterol percentage (Group 
III), only 3 showed any definite clinical or 
electrocardiographic evidence of infarction in 
the past. 

Discussion. The fact that 28 of 31 patients 
with more than 20% of cholesterol in the al- 
pha-2 fraction (excluding those with nephro- 
sis, hyperlipemia, etc.) had histories of pre- 
vious myocardial infarction, is a strong indi- 
cation of some relationship between lipopro- 
tein distribution and myocardial infarcts. 
Considering patients listed in Table I (except 
Group 1-2, all 65 patients with more than 
16% of cholesterol in the alpha-2 fraction, 
38 have histories of myocardial infarction, 7 
have hypertensive cardiovascular disease with- 
out definite evidence of myocardial infarct 
and 20 have little detectable cardiac disease. 
The difference in alpha-1 cholesterol is also 
of interest. In 38 patients with infarcts, the 
average alpha-1 cholesterol was 13%, and in 
20 patients without infarcts, the average was 
21%. The difference between these averages 
was significant at the 1% level. In patients 
with only moderately increased alpha-2 cho- 


lesterol, an accompanying lower alpha-1 level 
is additional indication of a possible previous 
infarction. If criteria used to divide patients 
into 2 groups were changed as follows: one 
group with alpha-2 cholesterol of more than 
15% and an accompanying alpha-1 choles- 
terol numerically at least 3% less (e.g., with 
alpha-2 cholesterol of say 16% and an alpha- 
1 cholesterol of 13% or less, or with an alpha- 
2 cholesterol of say 20% and an alpha-1 cho- 
lesterol of 17% or less), and all other patients 
in a second group, the first group would then 
contain 38 patients with a history of myocar- 
dial infarction and 4 without, while the second 
group of 255 patients would contain only 3 
patients with a history of myocardial infarc- 
tion. The large differences between these 2 
groups would indicate a very definite correla- 
tion between abnormal type of lipoprotein 
curve and history of previous myocardial in- 
farcts. The increased alpha-2 would appar- 
ently be the primary determinant and the de- 
creased alpha-1 would be of secondary but 
adjunctive significance. Of 4 patients in the 
first group without a definite diagnosis of a 
myocardial infarct, 3 had moderate to severe 
hypertensive cardiovascular disease. The 
fourth patient was a young physician of 35 
who had a typically abnormal curve with a 
cholesterol distribution of 15%, 23% and 
62% but who denied any symptoms of even a 
mild infarction. 

When lipoprotein distribution curves were 
obtained, all subjects with previous myocar- 
dial infarcts had made successful recoveries. 
The data do not tell us whether the abnormal 
curves existed prior to infarction or how long 
they had been present. E. B. Smith(6) found 
that the pre-beta fraction developed within a 
few days after infarction and disappeared 
within a few weeks. Because of the difference 
in technics, comparison with our results is 
difficult. We have made repeated determina- 
tions on some patients with infarctions and in 
only 2 out of 17 did the distinguishing fea- 
tures of lipoprotein distribution disappear. In 
one instance the abnormal alpha-2 peak had 
disappeared when a second determination was 
made 2 months later. In the second instance 
the determination was not repeated until 2 
years after the initial calculation. With other 
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patients on whom repeated determinations 
were made, the character of the curve has re- 
mained essentially unchanged over periods as 
long as 2 years. The time between myocardial 
infarction and when the initial curve was ob- 
tained, also varied from a few months to over 
a year. The fact that the abnormal features 
of the lipoprotein curve can disappear might 
account for the 3 patients (out of 228) with 
normal curves with a history of previous myo- 
cardial infarction. Our observations would 
therefore indicate that the character of the 
curves is relatively constant. At present we 
cannot state whether such curves occur prior 
to myocardial infarction. Lipoprotein curves 
were made from 2 elderly patients who died 
within a few days after a myocardial infarc- 
tion. The results showed relatively normal 
curves, suggesting abnormal lipoprotein dis- 
tribution occurs at some interval after in- 
farction. Our results, however, are based al- 
most entirely on patients who have survived 
myocardial infarction as compared with those 
who have not had one. 


Summary and conclusions. Data are pre- 
sented which indicate that an abnormal type 
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of cholesterol lipoprotein curve is associated 
with a history of recovery from a previous 
myocardial infarction. The type of curve ob- 
tained from a given individual is relatively 
constant over years. As yet we are unable to 
say whether the abnormal type of curve de- 
velops prior to, or after, initial infarction, or 
whether degree of abnormality is of any prog- 
nostic value. The relationship which exists 
suggests the need for further studies as to di- 
agnostic and prognostic value of this method 
in the study of myocardial infarction. 
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In investigating some physical and_bio- 
chemical properties of brain mitochondria, it 
seemed desirable to know whether any neuro- 
humoral amines present in the brain were at- 
tached to mitochondria and involved in their 
physiology. There is evidence to suggest that 
histamine(1), nor-adrenalin(2) and acetyl- 
choline(3) are associated with mitochondria 
elsewhere in the organism; but no comparable 
study has been made with brain mitochondria. 
Since recent interest in possible role of 5-hy- 
droxytryptamine (HT)* in brain function, 


* This research was supported by grants from Dept. 
of Public Welfare, State of Ill., and with Office of 
Naval Research. 


and an extremely sensitive bioassay was avail- 
able, such study was undertaken with this 
neurohumoral amine. Our report deals with 
localization of HT in rat brain mitochondria 
and its possible relationship to mitochondrial 
metabolism. A preliminary account of this 
work has been presented (4). 

Methods. Mitochondria were prepared from 
whole rat brain by methods comparable to 
those described previously(4), with special 
precautions to eliminate blood cells and cellu- 


+ The following abbreviation were used: HT, 5-hy- 
droxytryptamine; P/O, oxidative phosphorylation. 
HT was kindly supplied by Dr. R. K. Richards of 
Abbott Labs., Chicago. 
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TABLE I, Distribution of HT in Cellular Frac- 
tions of Whole Rat Brain. Values are expressed in 
terms of yg/HT/g wet wt of whole brain and ‘are 
an average of 3 experiments agreeing within 6%. 


Cellular fraction Amt HT,ypg/g % total 


Supernatant .027 12 
Nuclear-debris 052 22 
Mitochondria 149 63 
Microsomes .002 0 
Whole brain 1230 100 
% recovery 98 


lar debris. A 5% homogenate of brain in 0.25 
M sucrose, containing 10°* M sodium ver- 
senate was subjected to 3 successive centrifu- 
gations at 1200 x g, to remove nuclei, erythro- 
cytes, and cellular debris. The carefully de- 
canted supernatant was then centrifuged at 
10,000 x g for 20 minutes, to yield the mito- 
chondria fraction. The mitochondrial residue 
was washed once by homogenizing in 0.25 M 
sucrose-versene and centrifuging at 12,000 x 
g for 20 minutes. Sedimentation at 75,000 x 
g then yielded the “microsome” residue and 
“supernatant” fraction. All operations were 
performed at O°. For a given experiment, 
mitochondria were prepared from 4 rat brains 
and usually divided into 8 parts. Each frac- 
tion was then incubated with a particular drug 
in ice bath 30 minutes. After centrifugation 
at 15,000 x g and washed once in 10 ml of 
isotonic sucrose-versene, the mitochondria 
were treated with 20 volumes of acetone to ex- 
tract HT. The residue was again extracted 
with 90% acetone, and extracts combined and 
dried im vacuo. After the dried residue was 
suspended in 2 ml distilled water, the lipids 
TABLE II. Effect of Reserpine and Other Agents 
on HT (ug) Content of Mitochondria from 1 g Rat 
Brain. Mitochondria were incubated with reserpine 
for 20 min. at 0°, then centrifuged at 15,000 x ¢ 


and washed once. HT was then extracted from 
supernatant and mitochondria. 


Supernatant Mitochondria 


Control 027 .200 
.060 .200 
.010 120 
.035 135 
Reserpine 150 020 
.075 .015 
125 .020 
135 .045 
Dist. water .080 .100 
Detergent* 125 .0O10 


* 02% sodium lauryl sulfate. 


were removed by extracting twice with 10 ml 
of petroleum ether. The water layer was then 
dried in vacuo and ready for bioassay. Esti- 
mation of concentration of HT was made by 
the method of Amin eé al.(6), using isolated 
rat uterus at 29° and compared to standard 
solution of 5-hydroxytryptamine creatine sul- 
fate. Some samples were assayed on the iso- 
lated rat uterus in superfusion(7) for greater 
sensitivity. Measurement of P/Ot of brain 
mitochondria was described previously(5). 
All agents were homogenized with the mito- 
chondrial preparations and preincubated at 
0° 20 minutes before determining P/O. Mito- 
chondrial preparations were tested for P/O 
before use, and those not of optimal activity 
were discarded. 
Results. Results on distribution of HT — 
among various cytoplasmic fractions of rat 
brain are presented in Table I. The mito- 
chondrial fraction contained 63% of total HT 
in rat brain, while the nuclear-debris fraction 
contained 22% and supernatant 12%. 


TABLE IIT. Release and Binding of HT in Rat 

Brain Mitochondria. Concentration of reserpine 

and HT was 10*m. Results are average of 2 ex- 
periments agreeing within 10%. 


Original Net change 


ieee in HT 
——— (u8/8)——~_ % change 
Control 15 
After reserpine .02 —87 
After HT .40 .25 255 
Reserpine, then HT — .30 .28 300 


Reserpine at concentration of 10 M almost 
completely released HT from mitochondria 
(Table II). Suspending mitochondria in dis- 
tilled water for 15 minutes caused only a par- 
tial release of the bound HT, while exposure 
to .02% solution of a detergent resulted in 
almost complete loss of mitochondrial HT 
(Table IT). ; 

Freshly prepared mitochondria exhibited 
the capacity to bind over twice their original 
content of HT (Table III). After depletion 
of HT by pre-treatment with reserpine, mito- 
chondria absorbed twice the original amount 
of HT; however, this value of 0.30 ng/g was 
0.10 wg less than total amount of HT ab- 
sorbed without treatment with reserpine. 

Various agents other than reserpine were 
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TABLE IV. Effect of Various Agents on HT Binding of Rat Brain Mitochondria. Values are 
expressed in terms of w.g/HT/g wet wt of whole rat brain, and represent avg of 2 experiments 
with each agent. 


Agent + HT 


After agent after reser- 


Agent Cone., M Control After agent jp dell pine depletion 
LSD-25 OR .09 09 18 eu) 
Reserpine LO 09 003 18 
Phenyl ether Mi : 15 14 30 02 
Dibenamine Oe 09 09 13 
DNP ti 15 16 40 38 
None 15 42 30 


tested for possible effect on binding and re- 
lease of HT in rat brain mitochondria (Table 
IV). LSD-25, phenyl ether, and dinitrophe- 
nol were without effect on mitochondrial con- 


centration of HT. Dinitrophenol did not af- - 


fect binding of HT, while LSD, reserpine, and 
phenyl ether produced some inhibition. After 
pre-treatment with reserpine, binding of HT 
by mitochondria was almost completely in- 
hibited by phenyl ether, and inhibited over 
50% by dibenamine, while LSD and dinitro- 
phenol produced no change. 


The various agents were tested for effect 
on oxidative phosphorylation of rat brain 
mitochondria (Table V). SKF 501, phenyl 
ether, and dibenamine all produced about 
50% inhibition at concentrations slightly over 
10° M. LSD-25+ and reserpine caused some 
inhibition at 5 x 10° M, while HT produced 
26% inhibition at 10-* M. The more potent 
inhibitors compared in effectiveness with dini- 
trophenol. 

Discussion. Binding of HT by rat brain 
mitochondria is not unexpected, since other 
neurohumoral amines, such as adrenaline(1), 
histamine(2), and acetylcholine(3) are like- 
wise present. Although the role of various 
neurohumoral amines in the central nervous 
system is uncertain, their effects on peripheral 


¢ Studies with LSD-25 were performed with crys- 
talline form of LSD-25, generously supplied by San- 
doz Pharmaceutical Co. With respect to oxidative 
phosphorylation of brain mitochondria, the solution 
preparation supplied in 100 yg amcunts in sealed 
vials by Sandoz proved 50 times more potent an in- 
hibitor. Dr. Julia Apter has personally communi- 
cated that entirely different results are obtained in 
electroretinogram studies employing crystalline and 
solution preparations of LSD-25. 


nervous system and smooth muscle have been 
extensively studied(8,9,10). 

That dibenamine, phenyl ether, and reser- 
pine interfere with HT binding by mitochon- 
dria is interesting, since some of these agents 
block contraction of smooth muscle by HT 
(11). All 3 agents will inhibit oxidative phos- 
phorylation at concentrations of 10°° M; but 
since substances exist which do not affect phos- 
phorylation but block HT, and other inhibi- 
tors of oxidative phosphorylation (such as 
dinitrophenol) do not block HT, there seems 
to be no distinct relationship between “un- 
coupling action” and HT blockade. On the 
other hand, the mechanism of inhibition of 
phosphorylation by substances such as reser- 
pine, dibenamine, and phenyl ether is differ- 
ent from that of dinitrophenol, which fails to 
block the action of HT(12). It is conceiv- 
able, therefore, that some overlapping exists 
between the phosphorylative portion of mito- 
chondria and receptor sites for HT. Further 
evidence for a possible relationship between 


TABLE V. Inhibition of Oxidative Phosphoryla- 

tion (P/O) of Rat Brain Mitochondria by ‘‘Di- 

phenyl’’ Agents Affecting HT. Contraction of 

Smooth Muscle. Homogenation of agent with mito- 

chondria and pre-incubation at 0° for 20 min. was 

necessary for maximal inhibition. Results are avg 
of 3 experiments agreeing within 7%. 


% 
IXOx /A12, inhib. 
Agent Cone.,M yatoms wmoles P/O P/O 
Control Give 166 eo 
Reserpine Dele 5.5 12S ome, 
SKF-501 nen 3.8 46 1.2 56 
LSD-25 Si ea 5.8 WO EPA Ne! 
Phenylether 5 ” 4.0 41 1.0" 67 
Dibenamine 2 ” 5.2 ais UG Sel 
Dinitrophe- 5 7” 6.1 90 15 45 
nol 
1elay OF 5.8 2.9 2.0 26 
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phosphorylation and binding of HT is that 
concentration of HT in platelets is partly de- 
pendent upon the ATP present(13). 

That the major fraction of HT is bound to 
the mitochondria appears to conflict with the 
report of Hughes et al.(14) that the amine is 
not specifically bound to any cytoplasmic 
fraction. Whether this difference can be due 
to the fact that these authors used rabbit in- 
stead of rat brain remains to be determined. 
Since the slightest mistreatment of mitochon- 
dria during isolation alters both their phos- 
phorylative efficiency and HT binding, pre- 
cautions were necessary to obtain good results. 
Our experience has been that oxidative phos- 
phorylation of rabbit brain mitochondria has 
appreciably lower specific activity than rat 
brain, in addition to being more labile. Baker 
(15) reported that most of the HT of the 
gastric mucosa is present in the mitochondrial 
fraction, and that HT is released upon expo- 
sure to a hypotonic medium. 

The following can be stated with regard to 
the mitochondrial “receptor site” and the na- 
ture of the binding of HT. From the point of 
view of chemical constitution, the similarity of 
action to reserpine of such agents as SKF 501, 
dibenamine, and phenyl ether, is not unex- 
pected(12). It had been previously reported 
that oxidative phosphorylation could also be 
restored after brain mitochondria were washed 
free of reserpine(12). In isolated mitochon- 
dria, reserpine does not appear to produce al- 
teration in “receptor sites,’ whereas in vivo, 
capacity of brain to bind HT was inhibited 
long after elimination of administered reser- 
pine(16). As far as isolated mitochondria are 
concerned, the only agent studied which 
brought about irreversible change in either 
HT binding or oxidative phosphorylation (12) 
was SKF 501. Although the nature of the 
binding is obscure, it appears that either mito- 
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chondrial structure or some peculiar constitu- 
ent is in some way involved. 

Summary. Distribution of 5-hydroxytryp- 
tamine (HT) in various cytoplasmic fractions 
of rat brain has been determined, and the 
neurohumor was confined almost exclusively 
to the mitochondrial fraction. Numerous in- 
hibitors of oxidative phosphorylation were 
tested for ability to release HT from mito- 
chondria or to prevent binding. Reserpine 
completely depleted mitochondria of HT, but 
did not alter their ability to reabsorb HT, 
while phenyl ether and LSD partly prevented 
mitochondrial fixation of HT. 
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Plasma Aldolase and Glutamic-Oxaloacetic Transaminase Activities in 


Inherited Muscular Dystrophy of Domestic Chicken.* 
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C. E. CorNnetius, G. R. J. Law, L. M. Juttan anp V. S. ASMUNDSON 
School of Veterinary Medicine and Dept. of Poultry Husbandry, Davis, Calif. 


Increased serum aldolase(1,2) and gluta- 
mic-oxaloacetic transaminase(3) (SGO-T) ac- 
tivities have been observed in human progres- 
sive muscular dystrophy. Elevations in se- 
rum aldolase activity have also been reported 
in hepatitis(4,5), prostatic carcinoma(6,7), 
and acute myocardial infarction(8) of man. 
Only recently, enzyme studies in mice which 
show a hereditary muscular dystrophy, re- 
vealed increases in serum aldolase activity 
(9). These studies indicated an unchanged 
muscle aldolase activity in reference to non- 
collagen protein nitrogen of the tissue. Suc- 
cinoxidase activity of dystrophic muscle tis- 
sue was not significantly affected, while cyto- 
chrome oxidase and cathepsin activities were 
markedly increased(9). In human patients 
with muscular dystrophy, it has been reported 
that serum GO-T activity increases while mus- 
cle GO-T activity, in reference to non-collagen 
protein nitrogen, remains unchanged(10). 
Weinstock et al.(9) have tentatively con- 
cluded that in human clinical muscular dys- 
trophy or atrophy from neurotomy, glyco- 
lytic enzyme activity generally decreases and 
respiratory enzyme activity is not affected. In 
contrast to this, respiratory enzyme activity 
tends to increase and glycolytic enzyme activ- 
ity remains relatively unchanged in muscular 
dystrophy induced by Vit. E deficiency or the 
hereditary type observed in inbred mice. Myo- 
cardial infarction(11) and hepatic necrosis in 
dogs(12) has recently been found associated 
with increased SGO-T activity in serum. It 
has also been observed that in bovine(13) and 
ovine(13,14) white muscle disease, a marked 
increase in SGO-T activity was present. Kut- 
tler and Marble(14) observed increases in 
SGO-T activity in experimental white muscle 
disease of sheep as early as 12 days prior to 
development of clinical signs of the disease. 
They observed that levels of SGO-T roughly 


* This study was supported in part by research 
grant from NTH. 


paralleled severity of clinical symptoms. Nor- 
mal values concerning plasma and tissue ac- 
tivity of GO-T in chickens and other domestic 
animals have been reported by Cornelius e¢ al. 
(12). Asmundson and Julian(15) described 
an inherited muscular abnormality in New 
Hampshire chickens. Gross and microscopic 
pathology of muscles appeared comparable to 
some of the muscular dystrophies of man. 
They reported that the affected birds exhib- 
ited wider breasts and shorter bones than nor- 
mal individuals and were homozygous for 
autosomal recessive gene. Continuing with 
these investigations in chickens, the present 
study was undertaken to determine the fol- 
lowing: 1. Plasma aldolase and GO-T activi- 


ties in normal homozygous and heterozygous 


non-dystrophic male and female New Hamp- 
shire chickens; 2. Plasma aldolase and GO-T 
activities during clinical onset of inherited 
muscular dystrophy in New Hampshire chick- 
ens of strain 3 of the Univ. of California flock; 
and 3. GO-T activities in tissues of normal 
and strain 3 dystrophic New Hampshire 
chickens. 

Materials and methods. Individual hepar- 
inized blood samples were collected by veni- 
puncture of right jugular vein and centrifuged 
soon after bleeding. Plasma GO-T activity 
was measured by the method of Cabaud e¢ al. 
(16). Tissue glutamic oxaloacetic transami- 
nase activity was determined by modification 
of procedure of Tonhazy et al.(17). Samples 
were incubated 20 minutes at 25°C rather 
than at 10 minutes at 37°C as in original 
procedure. Accordingly, both plasma and tis- 
sue samples were incubated similarly. The 
technic for assaying glutamic-oxaloacetic 
transaminase activity is based upon transfer 
of the alpha-amino group of aspartic acid to 
alpha-ketoglutaric acid. The oxaloacetate 
which results from transamination is con- 
verted to pyruvic acid by aniline citrate. A 
pyruvate-dinitrophenylhydrazone is prepared, 
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TABLE I. Mean Plasma Aldolase Activities, as Expressed in ‘‘ Dihydroxyacetone’’ Units, in 
Dystrophic and Normal Birds of Both Sexes Bled at 4 Successive Ages. 


Dystrophie birds, Normal birds 
Group A Group N* 

Age (days) 3 Q 2 3} 2 
24 4.776 (5)t 1.807 (5) 980 (3) 1.325 (7) 955 (5) 957 (5) 
34 5.636 ” 4.198 ” Pelli 7 3.334 ” A427 ” .646 ; 
42 2.844 ” NEWS) 2.477 ” 3.350 (8) ie al boned: 678 x 

50 Sida oll 9% 2.014 ” 2.328 ” 2.799 (7) SIRS) .789 

Avg 4.209 2.437 1.976 2.702 713 .768 


* This group appeared clinically normal between 23-26 days of age. 
+ Figures in parentheses refer to No. of samples in mean. 


extracted with toluene, and measured colori- 
metrically at 490 mu. Enzymatic activity is 
expressed as pg of pyruvic acid liberated in 
20 minutes at 25°C/ml of serum or mg of 
dry tissue. Plasma aldolase was determined 
by standardization with dihydroxyacetone as 
recommended by Friedman and Lapan(18). 
Aldolase liberates both glyceraldehyde-3-phos- 
phate and dihydroxyacetone phosphate from 
fructose-1, 6-diphosphate. Both trioses ex- 
hibit similar color development in a 60 minute 
period(19). Since both dihydroxyacetone and 
glyceraldehyde produce identical chromogenic 
derivates (methylglyoxal-2, 4-dinitrophenylo- 
sazone and pyruvic-2, 4-dinitrophenylhydra- 
zone), either triose may be used as secondary 
standard in place of the more complex analysis 
for alkali-labile phosphate previously used. 
In our study, aldolase activity is expressed in 
terms of “dihydroxyacetone units” in which 
1 unit equals amount of color developed by 
0.01 mg dihydroxyacetone under the experi- 
mental conditions. All data were subjected to 
statistical analysis by means of analysis of 
variance. Transformations were made of al- 
dolase data to correct for heterogeneity of 
variance(20). 

Results. Plasma aldolase activities: A 
summary of results of individual aldolase de- 
terminations in plasma from both normal and 
dystrophic chickens is presented in Table I. 
Group A consisted of birds which exhibited 
clinical signs of muscular dystrophy at onset 
of study, while birds in Group N were free 
from abnormality at that time. All birds ap- 
pearing clinically normal exhibited similar 
normal aldolase activities. Group N, how- 
ever, showed muscular abnormality at second 
sampling, associated with increased serum al- 


dolase activity. The data indicate that a 
pronounced elevation of aldolase activity oc- 
curs in all birds exhibiting dystrophy. Group 
N exhibited no aldolase elevations 7 days 
prior to occurrence of clinical symptoms of 
dystrophy. Elevation in activity of this en- 


zyme in plasma in dystrophic birds may rep- — 


resent a change in cellular permeability and/ 
or necrosis. Detailed statistical analyses of 
variances indicated that in dystrophic birds, 
age had a highly significant effect, P<0.01 
(Table I). 

Furthermore, interaction between groups 
and ages, and groups and sexes in dystrophic 
birds was also significant at same level of 
probability. This would indicate, therefore, 
that age and sex of birds as well as presence 
of muscular abnormality influenced the level 
of aldolase activity in plasma. 

Additional data were obtained from 24 dys- 
trophic and 31 normal birds varying in age 
from 64 to 365 days. Considering these birds 
and those reported in Table I, aldolase activi- 
ties were 2.620 and .652 “dihydroxyacetone” 
units respectively. Differences due to age 
were significant with a reduction in aldolase 
activity in birds over 7 weeks old. It was of 
special interest to note that when data from 
older birds were examined by analysis of vari- 
ance, the effects of sex showed no statistical 
significance. Considering all aldolase data, 
the major factors affecting plasma activity 
were the phenotype and age of bird. The 
data showed that effect of sex was a factor 
during early growth of birds but not after 
birds had passed the age of 7 weeks. 

Plasma GO-T activities. Mean plasma 
GO-T activities in normal and dystrophic 
birds are presented in Table II. Dystrophic 
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birds exhibited elevated serum GO-T activi- 
ties. This difference between dystrophic and 
normal birds was highly significant (P<0.01) 
but no source of variation, main effect or in- 
teraction, was significant except in the case of 
sex difference in the year-old group of dys- 
trophic birds. Furthermore, analysis of data 
for each of the four 365-day-old groups, nor- 
mal and dystrophic (Table II) showed sex 
genotype interaction, significant at the 5% 
level of probability. It should be noted that 
fewer determinations of plasma GO-T activity 
were performed on samples from young birds 
than in aldolase activity determinations. Had 
more ages been represented in the plasma GO- 
T series, an effect of age and/or sex might 
have been found. This possibility is substan- 
tiated by the observation that correlation be- 
tween plasma aldolase and GO-T activities 
was highly significant (r = 0.69). This cal- 
culation was based upon data from 39 sam- 
ples in which both aldolase and GO-T activi- 
ties were determined. Both sexes and groups 
of birds at 3 different ages were represented. 

Tissue GO-T activities. GO-T activities in 
various tissues of mature birds are presented 
in Table III. In nearly all tissues analyzed, 
GO-T activity/mg dry tissue was higher in 
' dystrophic birds. These data show consider- 
able variation in activity of this enzyme 
among tissues. Statistical analysis revealed 
that variations among tissues, as well as dif- 
ferences between normal and dystrophic birds 
were highly significant (P = <.01). This 
does not mean that GO-T activity was higher 
in all tissues of dystrophic birds but only in 
the majority of tissues. Higher activities in 


TABLE II. Mean Plasma GO-T Activities in Dys- 
trophic and Normal Birds of Both Sexes at Var- 
ious Ages (Pyruvate Liberated/ml Plasma). 


Age, Dystrophie birds Normal birds 
days é 2 ) 2 


28 648.7 (6)* 649.1 (6) 226.7(16) 238.2(17) 
50 542.0 (5) +t 295.5 (5)t 170.0 (5) t 233.6 (5)t 
87  837.8(13) 771.0(12) 169.5 (5) + 263.7 (4)t 
189 443.9 (5) + 260.0 (5)t 
365  1475.7(10) 819.3(15) 


789.6 559.0 


346.4(14) 299.9(12) 


Avg 228.2 258.9 


* Figures in parentheses refer to No. of samples 
in mean. 

+ Both plasma GO-T and aldolase activities de- 
termined in these samples, 


TABLE III. Mean GO-T Activities in Tissues of 
12- to 18-Month-Old Dystrophie and Normal Chick- 
ens (Pyruvate Liberated/ml Plasma). 


Dystrophie Normal 
Tissue 8 (2)* 9 (4) (3) 9(4) 
Superficial pectoral 134 45 89 (Gl 
Deep pectoral 114 62 80 76 
Biceps 83 123 90 91 
Gastrocnemius 228 230 138 103 
Gizzard 184 159 129 127 
Heart 547 594 453 486 
Liver 178 321 181 205 
Kidney 243 307 202 228 
Spleen oF 89 78 68 
Brain 144 234 223 203 


* No. of birds in parentheses. 


these tissues were not just a chance occur- 
rence. Much more data are needed to obtain 
statistically valid inferences for each tissue of 
dystrophic and normal birds. No other source 
of variation, including comparison of paren- 
chymous and muscular tissues, significantly 
influenced this variability. Muscle GO-T ac- 
tivity in human dystrophic muscles was shown 
to be unchanged when referred to non-collagen 
protein tissue nitrogen or lower than in nor- 
mal muscles when related to basis of wet or 
dry tissue(10) as in our investigation. It was 
of special interest that muscle GO-T activity/ 
mg dry tissue of dystrophic chickens was in 
comparison significantly elevated. Since 
nearly all tissues of dystrophic birds revealed 
elevated GO-T activities in this investigation, 
interpretation concerning increased or de- 
creased transaminase activity in dystrophic 
muscle should be viewed with uncertainty. 
Relationship of tissue transaminase activity in 
chickens to protein anabolism and catabolism 
as reported by Beaton e¢ al.(21) in rats mer- 
its further investigation. 

Summary. New Hampshire chickens with 
onset of inherited muscular dystrophy exhib- 
ited elevated plasma aldolase and glutamic 
oxaloacetic-transaminase (GO-T) activities. 
Age and sex of birds influenced plasma aldo- 
lase activity in both normal and dystrophic 
groups. GO-T activities varied in different 
tissues and were greater in a majority of tis- 
sues examined from dystrophic birds when 
compared to normal birds. 
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Few of the reports in the literature dealing 
with alcohol intoxication and alcoholism as a 
medical problem are concerned with its influ- 
ence on water and electrolyte metabolism. In- 
vestigations have been confined to studies of 
response of normal individuals imbibing alco- 
hol under control conditions, in specific 
amounts for short periods. Nicholson and 
Taylor(1) in one of the earliest reports showed 
that, despite a water diuresis after alcohol ad- 
ministration, Na, K and Cl ions were retained. 
Only 50% of the retained K could be ac- 
counted for in the extracellular fluid of these 
individuals. Subsequent studies(2,3) have 
largely complemented the earlier work except 
that the mode of action of alcohol in produc- 
tion of diuresis has been more accurately de- 
lineated(3,4). More recently reports have 


* Supported in part by Grant-in-Aid from Wyeth 


Labs. 
t Division of Medicine, Univ. of Tennessee College 


of Medicine. 


appeared concerning effects of alcohol on salt 
and water metabolism in the dog(5,6). Ap- 
parently the nature of response to alcohol in 
this animal is dose-linked. The present report 
concerns plasma and erythrocyte alterations 
in 64 human chronic alcoholics associated with 
malnutrition and generalized debilitation. 
Methods. The 64 subjects (56 male, 8 fe- 
male) were chronic alcoholic patients at the 
Alcoholic Rehabilitation Center. Their ages 
ranged from 25-67 years with a mean age of 
44. All were in poor physical condition with 
approximately one-half having previous deliri- 
um tremens. Most showed signs of poor nutri- 
tional background. Ninety % had been drink- 
ing heavily for at least 10 years; most had a 
history of 20 years of alcoholism. While it 
was difficult to obtain reliable information 
from the patients, we were reasonably certain 
that the patients had been continuously drink- 
ing from 3 days to 12 months before admis- 
sion. Beverages consumed consisted of one 
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TABLE I, Plasma and Red Blood Cell Electrolyte Values in Normal Medical Students and in 
Large Group of Chroni¢ Aleoholies. 


—————_ Plasma 


Yr LDA AAO 
Na K Cl Protein, Na K Cl Hematocrit, 
cr meq/l| , g% ———— meq /|—_—__—_,, % 
Normal values 
No. of patients 28 29 27 29 29 29 29 
Range 138.8-148.8 3.5-5.1 96-126 6.6-7.8  10.3-15.5 93.8-105.0 44-78 43.3-51.0 
axe 144.6 4.2 118.8 7.2 12.0 98.6 55.4 47.0 
So IDE + 2.6 + 4 apes ais 3 + 1.2 a2 Sif ee ff see 
Chronic aleoholies 
No. of patients 61 61 61 64 62 62 59 60 
Range 124.7-151.8 2.5-5.2 76-132 4.9-8.4 9.4-27.8 87.5-108.8 30-74 28.5-50.0 
x 141.8 4.0 102.4 6.8 13.0 101.6 49.4 42.0 
SD; + 4.2 +.6 +123 4.4 + 3.7 + 4.7 + 8.5 + 4.8 
ep?) <.001 <n << 001) << 1005 <oll <.005 << () ee <a, (0 


xX = Arithmetic mean. 


or some combination of rum, wine, bourbon, 
gin, beer, vodka, etc. Medical aspects and 
treatment of this group will be presented later. 
A 10 ml blood sample was taken on the first 
day in the Center and before therapy had 
been administered. This sample was hepar- 
inized and centrifuged at 20,000 G in a Ser- 
vall Super-centrifuge. Plasma and red blood 
cell Na and K were determined utilizing a 
Perkin-Elmer Flame Photometer. Chlorides 
were analyzed chemically by an electrometric 
modification of the Volhard method(7). 
Plasma protein was determined by the CuSO, 
falling drop method, and hematocrit by the 
microcapillary technic. Normal values were 
obtained on 29 normal medical students, and 
statistical analysis between the 2 groups was 
made on the basis of unpaired sample data 
with the “null” hypothesis being rejected at 
the 5% level. 

Results. Experimental results are pre- 
sented in Table I. Plasma Na, K, Cl and 
protein concentrations are all significantly re- 
duced in chronic alcoholics as compared to 
normal medical students. Mean hematocrit 
value in the alcoholics (42%) is significantly 
lower (P<0.001) than the mean value seen 
in the controls (47%). Erythrocyte Na re- 
mained normal in chronic alcoholic patients, 
whereas cell K was elevated from a control 
level of 98.6 to 101.6 meq/] (P<0.005) in 
chronic alcoholics. Red blood cell Cl in alco- 
holics was reduced an average of 6 meq/I 
from control values. 


S. D. = Stand. dev. 


P = Level of significance. 


Discussion. The long term alcoholic does 
not usually exhibit the electrolyte alterations 
which have been reported in cases of acute in- 
toxication(1,2,3,5,6). Nicholson and Taylor 
(1), utilizing balance studies, showed that re- 
tention of K, Na and Cl occurred in short- 
term observations on medical students given 
alcohol over an 8 hour period. In contrast, 
chronic alcoholics, who had been consuming 
alcoholic beverages excessively for weeks or 
months prior to study, showed significant re- 
ductions in plasma levels of these ions. Pa- 
tient reports of vomiting over extended pe- 
riods may account for the hypochloremia seen 
in these alcoholics. Indeed, the significantly 
lowered erythrocyte Cl encountered suggests 
hypochloremia of long duration. Concomi- 
tant loss of Na in the vomitus, plus possible 
compensatory loss of base bicarbonate in the 
urine, might explain the observed plasma Na 
reductions. While the reduction in plasma K 
concentration was statistically significant, 
very little physiological importance is credited 
to an average decrease of 0.2 meq/| from con- 
trol values. However, this study gives little 
insight into possible alteration in total extra- 
cellular K. It is conceivable that in the face 
of probable reduced extracellular fluid vol- 
ume (from diuresis and vomiting), some de- 
gree of extracellular K depletion occurred 
which is not readily revealed by observing 
plasma concentration of this ion. Certainly 
vomitus can contain a high K concentration 
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which may result in an inordinate loss of this 
cation. 

It is well known that chronic alcoholism is 
associated with liver damage. Alcoholic ad- 
diction combined with the poor nutritional 
status of the alcoholic engenders fatty infiltra- 
tion of the liver with subsequent irreversible 
hepatic fibrosis. Since the liver is commonly 
thought to be the site of plasma protein pro- 
duction, and in view of the great probability 
of serious liver damage in alcoholics, it is not 
surprising that markedly reduced plasma pro- 
tein concentrations were encountered in these 
patients. 

The signicant increment in erythrocyte K 
in the chronic alcoholic agrees with Nicholson 
and Taylor’s conclusion(1) “ .. . potassium 
must be retained in the cells.”’ Their studies, 
however, were of short duration and involved 
a relatively limited alcohol consumption, 
whereas the current experiments involved the 
long-term, intemperate use of alcohol. Never- 
theless, calculations assuming an extracellular 
fluid volume of 20% of body weight and using 
average weight of the alcoholic patients (71.6 
kg) indicate that an average of 3 meq of ex- 
tracellular K is lost. Erythrocyte K gain, 
based on an assumed red blood cell volume of 
4% of the body weight, equals 8 meq. From 
such approximations it is clear that K is 
either being retained in the chronic alcoholic, 
or that some marked redistribution of K, asso- 
ciated with altered cell membrane permea- 
bility, has occurred. 


Bianco and Jolliffe(8) have pointed out 
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that quantitative anemia occurred in 61% of 
184 cases of alcoholic addiction, which is not 
surprising in view of possible complications 
(stomatitis, pellagra, cirrhosis etc.). In this 
study average reduction in hematocrit from 
the control equaled 5% in the alcoholics. 
While this value was not seriously low (42%), 
it constitutes a statistically significant de- 
parture from the control. 

Summary. Plasma and erythrocyte Na, K 
and Cl have been determined in 64 long-term 
chronic alcoholics before administration of 
therapy. Plasma Na, K, Cl and red blood 
cell Cl were significantly reduced below con- 
trol values. Erythrocyte K was significantly 
elevated, while Na remained unchanged. 
Plasma protein concentration and hematocrit 
were significantly reduced from control values. 
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Previous studies have shown marked dif- 
ferences in retention of D-ascorbic acid-1-C!* 
and Lz-ascorbic acid-1-C14 when adminis- 

* The authors are grateful to Carole Evans for 
synthesis of D-ascorbic acid and to Constance Glas- 
gow for assistance in bioassay experiments. 


tered in small intraperitoneal doses to 
normal and Vit. C-deficient guinea pigs 
(1). D-Ascorbic acid is rapidly metabo- 
lized and excreted; most of the compound 
disappears from the body within 12 hours 
after the dose. In contrast, L-ascorbic acid is 
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present in the guinea pig for a considerable 
period of time, disappearing with an average 
half-life of 3 to 4 days(2). The observation 
that D-ascorbic acid is retained in guinea pigs 
to a considerably lesser extent than L-ascorbic 
acid suggests a possible explanation for the 
lack of Vit. C activity reported for the D- 
isomer(3,4). To test this hypothesis, bioas- 
say experiments were carried out in guinea 
pigs under conditions in which essentially 
comparable tissue concentrations of D-as- 
corbic acid and L-ascorbic acid were main- 
tained. 

Methods and materials. A modified cura- 
tive bioassay for Vit. C activity(5) was em- 
ployed in 2 experiments. Bioassay 1. Fifty- 
four male guinea pigs weighing from 150 to 
210 g were given a scorbutogenic diet. On 
the fifteenth day of the experiment the ani- 
mals were treated daily for 10 days as fol- 
lows: One-third received 12 mg of D-ascorbic 
acid, one-third received 2 mg of L-ascorbic 
acid and the remaining served as negative 
controls. Bioassay 2. Twenty-three guinea 
pigs, weighing from 250 to 350 g were placed 
on the scorbutogenic diet and after 18 days 
they were treated daily for 8 days as follows: 
Eight received 4 mg of D-ascorbic acid, 8 re- 
ceived 2 mg of L-ascorbic acid and 7 served 
as negative controls. In the case of both bio- 
assay experiments, the daily dose of each com- 
pound was divided into 2 equal doses and ad- 
ministered by intraperitoneal injection at 12- 
hour intervals. Negative control animals re- 
ceived injections of saline at the same time in- 
tervals. The guinea pigs were weighed daily. 
At time of sacrifice they were examined for 
hemorrhages, particularly in the region of the 
knee joints. The lower jaws were immediately 
fixed in Lillie’s aqueous neutral calcium ace- 
tate formalin solution(6) for 24 hrs, decalci- 
fied in 5% formic acid, dehydrated, embedded 
in paraffin and sectioned mesio-distally at 6 p. 
Sections were stained with the Rinehart meth- 
od for acid mucopolysaccharides(7), the al- 
loxan-Schiff method for proteins(8), and Lil- 
lie’s periodic acid-Schiff method for carbo- 
hydrates(6). The Vit. C free diett was pre- 
pared as described by Woodruff, et a/.(9). D- 
Ascorbic acid was synthesized by addition of 
cyanide to D-xylosone(10). 
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FIG. 1. Wt changes in guinea pig from each of 
the 3 groups in Bioassay I. 

FIG. 2. Wt changes in guinea pig from each of 
the 3 groups in Bioassay II. 


Results. The pattern of weight change in 
a representative animal from each group in 
Bioassay I is given in Fig. 1. The animals 
initially gained weight until about the eleventh 
day on diet when their weight declined. On 
the fifteenth day the animals were treated as 
described in Methods Section. The animals 
receiving D- and L-ascorbic acid showed com- 
parable weight gains from the fifteenth to 
twenty-fifth day, averaging 30 g for each 
group. The guinea pigs treated with D-ascorbic 
acid had normal appetites and could not be 
distinguished in gross appearance from those 
receiving L-ascorbic acid. However, negative 
control animals all showed a marked loss in 
weight and had typical scorbutic appearance? 
(5). Out of 18 guinea pigs in the negative 
control group, only 4 survived at end of ex- 
periment, compared to 17 and 16 animals in 


t Obtained from Nutritional Biochemicals 
Cleveland, O. 

t Sections of liver stained by periodic acid-Schiff 
method showed that animals in D- and L-ascorbic 
acid group had normal glycogen content whereas no 
glycogen was detected in the negative control group. 
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PLATE I. Photomicrographs of teeth. 


A. Apical portion of a molar root from a normal guinea pig. D, dentin; P, pulp; H, enamel ; 


O, odontoblasts. Rinehart stain. X 73. 


B. Apical portion of a molar root from a normal guinea pig. Alloxan-Schiff stain. X 73. 
©. Apical portion of a molar root from a guinea pig in negative control group. Rinehart 
stain. Note strong reactivity of stain for acid mucopolysaccharides in the abnormal osteodentin 


and connective tissues generally. X 73. 


D. Apical portion of a molar root from a guinea pig in negative control group. Alloxan- 
Schiff stain. Note lack of reactivity of stain for proteins in dentin. X 73. 


D-ascorbic acid and L-ascorbic acid groups, 
respectively. Despite ability of D-ascorbic 
acid to produce a comparable weight gain and 
survival rate as L-ascorbic acid, upon autopsy 
the animals receiving D-ascorbic acid showed 
hemorrhages about the joints similar to those 
observed in the negative control group. No 
hemorrhages were detected in the animals re- 
ceiving L-ascorbic acid. 

The pattern of weight change in an animal 
from each group in Bioassay II is given in 
Fig. 2. The results indicate that even the 
relatively small dose of D-ascorbic acid em- 
ployed in this experiment was sufficient to 
maintain the weight of guinea pigs. In con- 
trast, negative control animals all showed 
marked loss of weight. Seven out of 8 guinea 
pigs in each of the D- and L-ascorbic acid 
groups survived at end of the experiment, 
compared to 2 out of 7 in the negative control 
group. Upon autopsy, animals receiving D- 
ascorbic acid had hemorrhages about the 
joints to about the same extent as observed in 
Bioassay I. 

Since changes in dental structures are a 
sensitive index of Vit. C deficiency(5), histo- 
chemical tests were made of the teeth of 
guinea pigs in Bioassay I. Dentin obtained 
from normal guinea pigs$ is tubular and stains 
red with both the Rinehart (Plate 1A) and 
alloxan-Schiff methods (Plate 1B). Dentin 
produced in the negative control group was 
atubular osteodentin, characteristic of scurvy. 
This abnormal dentin stained brilliant blue 
with Rinehart method (Plate 1C), indicating 
strong reactivity for acid mucopolysaccha- 
rides, and remained unstained or lightly 
stained with alloxan-Schiff method indicating 
lack of reactive proteins (Plate 1D). The 
small amount of bone produced during the 


§ Guinea pigs which had been maintained on let- 
tuce and Rockland Farm guinea pig diet, ad lib. 


scorbutic period was also strongly reactive 
with Rinehart stain for acid mucopolysac- 
charides and unreactive with alloxan-Schiff 
method for proteins. Thus the Rinehart stain 
proved to be a valuable method to detect the 
scorbutic state of guinea pigs. 


Dentin produced in animals treated with 
L-ascorbic acid was tubular and stained the 
normal red with Rinehart (Plate 1E) and al- 
loxan-Schiff methods (Plate 1F). Dentin 
produced in animals receiving D-ascorbic acid 
was also normal in that it had tubular struc- 
ture and stained red with Rinehart (Plate 1G) 
and alloxan-Schiff methods (Plate 1H). How- 
ever, predentin in this group usually reacted 
abnormally since it still retained the blue 
stain with Rinehart method (Plate 1G), and 
was unreactive with alloxan-Schiff method 
(Plate 1H). 


Conclusion and summary. 1) Some activi- 
ties of L-ascorbic acid can be replaced by D- 
ascorbic acid when administered in relatively 
small doses under conditions of these experi- 
ments. For instance, weight and survival of 
scorbutic guinea pigs can be maintained with 
D-ascorbic acid, but hemorrhages about the 
joints are not prevented. The most striking 
effect of D-ascorbic acid was revealed with 
histochemical studies of teeth. The dentin 
produced in animals receiving D-ascorbic 
acid was normal in morphology and staining 
properties. However, the Vit. C effect of D- 
ascorbic acid was not complete in that pre- 
dentin formed in these animals was still abnor- 
mal in its reactivity to acid mucopolysaccha- 
ride stain though it was eventually converted 
to normal staining dentin. 2) These results 
furnish further evidence for multiple actions 
of Vit. C; those that are specific, for which 
only L-ascorbic acid will serve, and those that 
are non-specific in which D-ascorbic acid and 
presumably other compounds with the same 
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E. Apical portion of a molar root from a guinea pig treated with L-ascorbic acid. Rinehart 
stain. Note normal morphology and staining characteristics of dentin formed during restoration 


period. xX 73. 


F. Apical portion of a molar root from a guinea pig treated with L-ascorbie acid. Alloxan- 
Schiff stain. Note normal morphology and staining characteristics of dentin formed during 


restoration period. X 73. 


G. Apical portion of a molar tooth from a guinea pig treated with D-ascorbic acid. Rine- 
hart stain. Note normal morphology of dentin and predentin. Note also that predentin (arrow) 
tends to retain the stain for acid mucopolysaccharides, whereas predentin in Plate IE does not. 


Dentin stains normally. xX 73. 


H. Apical portion of a molar tooth from a guinea pig treated with D-ascorbie acid. Alloxan- 
Schiff stain. Note normal morphology of dentin and predentin. Note also that predentin (ar- 
row) tends to remain unstained, indicating lack of reactive proteins, while dentin stains nor- 


mally. xX 73. 


redox properties can substitute. Separation of 
biological activities of Vit. C has been indi- 
cated by studies with D-araboascorbic acid in 
guinea pigs(4) and with D-ascorbic acid in 
monkeys(11). One of the best examples of 
non-specific role for the vitamin has come 
from studies of tyrosine metabolism in which 
L-ascorbic acid can be replaced by various 
other structurally unrelated compounds that 
are susceptible to oxidation and reduction (12, 
13). Further studies with D-ascorbic acid in 
guinea pigs may throw light on the nature of 
non-specific functions of the vitamin. 
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Technics to demonstrate circulating incom- 
plete erythrocyte antibodies fall into 3 cate- 
gories: (A) coating cells and suspending them 
in media containing anisometric molecules (al- 
bumin, etc.)(1), (B) an indirect Coombs’ 
test(2), (C) pretreating erythrocytes with 
proteolytic enzymes (trypsin, papain, ficin) 


* This work was supported in part by grant from 
Nat. Cancer Inst., U.S.P.H.S. 


(3). The first technic is generally inadequate 
in range of activity and sensitivity. The 
Coombs’ procedure is sensitive and possesses 
widest range of activity. However, a prozone 
effect, high expense, and the tedious nature 
of the test make it undesirable. Pretreating 
with proteolytic enzymes eliminated the pro- 
zone effect, but the tedious procedure per- 
sisted. By prior activation of papain with L- 


50 BROMELIN TO DEMONSTRATE ANTIBODIES 


cysteine, a technic was derived which permits 
direct mixing of enzyme, antibody, and target 
erythrocyte(4). Several problems are en- 
countered with this method. The necessity 
of incubating L-cysteine with papain and stor- 
ing aliquots frozen is clumsy. Marked diges- 
tion and color changes of erythrocytes may 
make end points difficult to read. A_pro- 
longed incubation time and sensitivity of the 
procedure have contributed little beyond that 
obtained with Coombs’ technic. Major flaws 
in this technic are inability to demonstrate 
certain antibodies (MNS, Duffy, Kidd, Sut- 
ter) (5) and the lack of effect in demonstrat- 
ing the incomplete antibody fixed to the 
erythrocyte. A new reagent and technic is 
now reported which possesses certain advan- 
tages over those previously used. Studies 
were made of a group of proteolytic enzymes 
derived from pineapple and supplied in a con- 
centrated powdered form as bromelin.t Un- 
treated isotonic solutions of this material 
could be mixed directly with sera containing 
incomplete antibodies and erythrocytes, lead- 
ing to rapid, sharp, and sensitive agglutination 
reactions. 

Methods. Various human sera containing 
incomplete anti-D (Rho) antibodies were se- 
tially diluted with isotonic saline. One drop 
of a 4% saline suspension of unwashed D 
(Rho) positive erythrocytes was mixed with 
0.1 ml of diluted sera. One drop of bromelin 
solution was added directly to this mixture 
and macroscopic agglutination was determined 
after centrifugation for one minute at 1000 
rpm. Optimum reaction time for this brome- 
lin test was determined by incubating these 
mixtures at 37°C for varying periods prior to 
centrifuging. Sensitivity was determined im- 
mediately upon mixing at room temperature 
and after incubating for 5, 10, 15, 30, 45, and 
60 minutes. An optimum bromelin reagent 
was determined as follows. Bromelin was dis- 
solved in 9 parts saline and 1 part phosphate 
solution buffered at pH 8.6, 7.0, 6.2, 5.5, and 
4.5. Concentration of the bromelin solutions 
was varied at 0.05%, 0.1%, 0.5% and 1%. 
The effect of preincubation in activating the 
bromelin solutions was determined by incu- 
bating solutions for one hour at 37° prior to 

t Supplied by Takamine Lab., Clifton, N. J. 


testing. A standard bromelin test was there- 
fore devised using unincubated reagent con- 
taining 0.5% bromelin buffered at pH 5.5. A 
test solution using one drop of bromelin, 0.1 
ml of antibody-containing sera, and one drop 
of 4% saline suspension of unwashed erythro- 
cytes was employed. Erythrocytes were 
chosen with an antigenic structure against 
which the antibody was directed. Erythro- 
cytes not containing this antigenic group were 
used as controls. This mixture was immedi- 
ately centrifuged one minute at 1000 rpm and 
inspected for macroscopic agglutination. A 
similar tube was incubated 15 minutes at 
37°C for warm antibodies and at 4°C for cold 
antibodies, centrifuged and read in the same 
fashion. Stability of the bromelin reagent in 
this test procedure was determined after stor- 
age at 4°C, after storage at 4°C with 0.1% 
sodium azide, and after storage frozen at 
20°C. Sensitivity and range of activity of 
these 2 bromelin procedures were compared to 
standard indirect Coombs’ test and the acti- 
vated papain-cysteine procedure as described 
by Stern(6). All warm-acting antibodies were 
incubated at 37°C and cold acting antibodies 
at 4°C, for one hour in Combs’ and saline 
procedures, and for 30 minutes in the acti- 
vated papain-cysteine procedure. Various 
human sera were tested as controls and 72 
sera containing identified incomplete anti- 
bodies and 54 sera containing identified saline 
antibodies were investigated. Erythrocytes 
from 11 cases of auto-immune hemolytic ane- 
mia were studied. Each case was tested in 
direct Coombs’ procedure and compared to 
various bromelin tests. A standard test was 
used consisting of one drop of bromelin added 
to 2 drops of 2% suspension of test erythro- 
cytes. One tube was immediately centrifuged 
for one minute at 1000 rpm and read macro- 
scopically for agglutination. A similar tube 
was incubated 15 minutes at 37°C before be- 
ing centrifuged and read. The 2 test pro- 
cedures were done using erythrocytes sus- 
pended in their own serum, saline suspensions 
of washed erythrocytes, and suspensions of 
washed erythrocytes resuspended in fresh, 
normal, ACD-collected AB plasma. 


Results. Optimum reaction time for the 
bromelin test was 15 minutes incubation, The 
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immediate test, done without incubation, low- 
ered sensitivity approximately one tube in 
titer studies. Similarly, increasing incubation 
time tended to decrease sensitivity of the reac- 
tion. Lowering the pH of the bromelin solu- 
tion resulted in progressive increase of sensi- 
tivity, with optimum values obtained at pH 
5.5. Increasing concentrations of bromelin 
progressively increased sensitivity of the reac- 
tion. Maximum values were obtained with 
0.5% solutions; 1% solutions had a similar 
range of sensitivity. Preincubation of various 
bromelin solutions offered no increased titer 
advantages. The standard reagent used 
throughout remainder of this study was a 
0.5% solution buffered to pH of 5.5. This 
solution maintained its potency approximately 
one month when stored at 4°C. By adding 
0.1% sodium azide to the reagent, potency 
was maintained for over 2 months, when 
stored at 4°C. 

Table I summarizes representative titer 
studies of incomplete and saline antibodies 
tested in the 4 standard procedures. In gen- 
eral, the following was noted: The indirect 
Coombs’ procedure was frequently the least 
sensitive, with the papain-cysteine test usually 
increasing the titer by one tube. The 15- 
minute bromelin test often increased titers by 


TABLE I. Sensitivity of Bromelin Immediate, 

Bromelin 15 Min., Papain-Cysteine, and Indirect 

Coombs’ Tests with Incomplete and Saline Anti- 
bodies. 


———— Test titers————___—_—_, 


Anti- Bromelin, Bromelin, Papain- 
body immed. 15min. cysteine Coombs’ 
Incomplete 
antibody 
Anti-D 1:512 1:1024 1:256 1:128 
¢ 1:64 1:64 1:8 re 
-E heey 1:128 AG 1:8 
=e 1:64 - 1:32 LG 
-K g w 1:16 1:8 
as) alesellG 1:64 0 - 
Saline anti- 
body ‘ Saline 
Anti-A* 1:16 1:128 NSIS ealG 
-B* 132 1:256 as 1:8 
-D 13256 1:512 1:256 1:64 
-C 1:1024 1:2048 1:64 ie 
ae eS 1:32 SUR AUG) 1:4 
-Le** 1:4 TS 1:2 2 
He aR) 1:128 1:32 1:32 


* Cold acting antibodies. All tests performed at 
4°C except the immediate bromelin procedure. 


TABLE II. Positive Reactions of Incomplete and 

Saline Antibodies in An Immediate and 15-Min. 

Bromelin Test, a Papain-Cysteine Procedure, and 
the Indirect Coombs’ Test. 


— Tests ~ 
Anti- -— Bromelin—, Papain- 
body No. Immed. 15min. cysteine Coombs’ 
Normal 600 0 0 
sera 
Incomplete 
antibodies 
Anti-D 35 35 35 35 35 
-C il all il il il 
-B 2 2, 2 2 2 
-@ 4 4 4 4 4 
-e 2 2 2) 2 2 
-V 1 afl 1 0 al 
-S 2 2 2 0 2 
-U il il il 0 al 
-K 8 8 8 8 8 
-k 2 2 2 2 2 
aye ie: ie 0 9 
- Jk 3 3 3 0 3 
-Vel 1 al 1 il 1 
- J §? 27 0* Q* 0 ” 
Saline anti- 
bodies Saline 
Anti-At 17 17 ale iy 17 
-Bt ”? ” ” ”) ” 
-D 8 8 8 8 8 
C 2 2 2 2 2° 
E if 1 if 1 1 
-Le*t 4 4 4 4 4 
i ” ” ” 9 9 
AN poe al if il it 1 


* Negative reactions were converted into positive 
reactions by using plasma suspended erythrocytes. 

+ All tests except the bromelin-immed. were per- 
formed after incubation at 4°C. 
2 to 4 tubes over the indirect Coombs’ test. 
The immediate bromelin test lowered titers, 
but was usually more sensitive than the in- 
direct Coombs’ and _ papain-cysteine pro- 
cedures. Of particular interest is the sensi- 
tivity of the immediate bromelin test, per- 
formed at room temperature, in demonstrating 
cold-acting antibodies. 

Table II summarizes results of testing nor- 
mal sera and sera containing identified incom- 
plete or saline antibodies by the 4 standard 
procedures. Six hundred normal sera were 
tested in the 2 bromelin procedures without a 
false positive reaction. In addition, no false 
reactions were encountered with the negative 
erythrocyte controls, indicating specificity of 
the reaction. Seventeen sera contained an 
antibody identified by the Coombs’ procedure 
and not demonstrated by the papain-cysteine 
procedure. With the 2 bromelin tests, identi- 
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TABLE III. Agglutination Reactions of <Auto- 

Antibody Coated Erythrocytes in Acquired Hemo- 

lytic Anemia; Effect of Washing the Cells and Re- 
suspension in Normal Plasma. 


Tests > 
———Bromelin, 15 min.——{ 
Re- 
Disease Coombs’ Unwashed Washed suspended 
SLE 2 2 — ee 
IM 1 it = 
THA i : = ‘ 
? 2 3+ < 2-- 
, 3+ ” pos ” 
” 9 $+ Loe ” 
Ula, © a- 3+ a % 
” 9 ” == ” 
” 3 ” = ” 
” 24 ” = ” 
, 99 4+ —— ” 


SLE — Systemic lupus erythematosus. IM = In- 
fectious mononucleosis. IHA = Idiopathic hemo- 
lytic anemia. CLLL = Chronic leukemie lympho- 
cytie leukemia. 


cal results were obtained; 14 of these anti- 
bodies were detected. Two of 9 anti-Fy* and 
the single anti-Js* were not detected in the 
standard procedure. However, when erythro- 
cytes were suspended in fresh, normal ACD- 
collected AB plasma, positive reactions were 
obtained. 

Table III summarizes use of a 15-minute 
bromelin test in demonstrating presence of 
auto-antibodies coating erythrocytes. Essen- 
tially similar results were obtained with an 
immediate bromelin test. When erythrocytes 
were unwashed and suspended in their own 
sera, positive results were obtained. Washing 
these cells and suspending in saline eliminated 
the bromelin reaction. Resuspending washed, 
coated cells in normal, fresh, ACD-collected 
AB plasma returned the positive reaction. 

Discussion. The above studies indicate that 
the described bromelin test has an apparent 
universal application, appearing effective with 
incomplete, saline, warm-acting, cold-acting, 
natural, and immune erythrocyte antibodies. 
In addition, the same reagent may be used to 
demonstrate coating of erythrocytes by anti- 
bodies. The reagent used is stable at 4°C for 
at least 2 months when 0.1% sodium azide 


is added, and cost of the material is negligible 
for a standard test. The simplicity of the 
test makes errors in procedure very unlikely. 
In addition, agglutination reactions are sharp 
with precise macroscopic end points in titra- 
tions. The reaction is an immediate one with- 
out preincubation, washings, or incubation 
necessary. Sensitivity of the reaction is sur- 
prising, usually surpassing the indirect 
Coombs’ procedure. Ability of the immediate 
test to detect both cold- and warm-acting anti- 
bodies eliminates the necessity of duplicate 
studies done at varied temperatures. The im- 
portance of such a test system in establishing 
a routine cross match cannot be overestimated. 

An interesting phase of this reaction is still 
to be investigated. Three antibody-contain- 
ing sera were not positive with the standard 
test. The 2 anti-Fy® and the anti-Js? which 
were not detected could be demonstrated 
when test cells were suspended in fresh ACD- 
collected plasma. A similar dependency on 
fresh plasma in this reaction was seen in 
demonstrating auto-antibodies coating eryth- 
rocytes. The nature of this plasma depen- 
dency is still under study. 

Summary. Isotonic solutions of bromelin 
buffered to pH 5.5 were utilized in an immedi- 
ate and 15-minute procedure to demonstrate 
antibodies directed against the ABO, Rh-hr, 
P, MNS, Kell, Duffy, Kidd, Lewis, Vel, and 
Sutter blood groups. In addition, a bromelin 
test detected erythrocytes coated with incom- 
plete antibodies. This reaction appears to 
be dependent on presence of fresh plasma. 
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Evidence establishing presence of an abnor- 
mal protein-bound polysaccharide as one of 
the metabolic abnormalities associated with 
multiple myeloma has been reported from this 
and confirmed by other laboratories(1,2,3,4). 
Studies with radiosulfate in myeloma were 
initiated as part of a program designed to in- 
vestigate mucopolysaccharide metabolism in 
this disease. This report describes the turn- 
over, dilution, and excretion of inorganic ra- 
diosulfate in patients with myeloma and, for 
comparison, in patients with other malignant 
disorders. 

Methods. Carrier-free S*° as sodium sul- 
fate in doses ranging 0.867 to 2.07 millicuries 
was administered intravenously to 9 patients 
with multiple myeloma and 10 subjects with 
other neoplastic diseases (Table I). Assays 
of radioactivity were performed with a gas 
flow counter, since S*° is a pure, weak beta 
emitter (0.168 mev maximum energy; 87 days 
half-life). Suitable corrections for self-ab- 
sorption and backscattering were made for 
specimen geometry adopted as well as for 
physical decay. The equipment was calibrated 
against S*° standard solutions supplied by the 
National Bureau of Standards. Venipunctures 
were performed at intervals of 5 minutes, one 
hr, 4 hr, 8 hr, 24 hr, and 48 hr following ad- 
ministration of radiosulfate. Blood specimens 
were placed in test tubes containing 2 drops of 
versene to prevent coagulation. Total urinary 
output was collected during first and second 
day following injection of S*°. Calculations. 
Concentration of S*° (% dose/liter) in whole 
blood and in plasma was determined (Fig. 1), 
as was the fraction of S*° dose excreted (% 
dose excreted) in urine during the first 2 days 
following S*° administration (Table I). The 
apparent space of dilution was calculated from 
blood and plasma data. This computation in- 

* This investigation was supported in part by grant 
from Nat. Inst. of Health, U.S.P.HLS. 

We wish to acknowledge the excellent technical 
assistance rendered by Messrs. Joseph V. Marino, 
Jack Sokol, and Atis Folkmanis. 


volved finding net concentration at zero-time 
by graphical extrapolation, to obtain the so- 
called zero-time radiosulfate space(5). The 
body surface of each participant was deter- 
mined from body weight and height, using the 
conventional DuBois relationship. 

Results. 1. S*’ blood levels. S®° concentra- 
tion in blood as a function of time falls rap- 
idly (Fig. 1). This is true for both whole 
blood and plasma, and for multiple myeloma 
patients as well as other subjects. The initial 
whole blood maxima, obtained 5 minutes fol- 
lowing injection of radiosulfate, range from 
8.04% dose/liter to 15.7% dose/liter for mul- 
tiple myeloma patients and from 6.12% dose/ 
liter to 13.1% dose/liter for control subjects. 
The corresponding plasma concentrations at 
5 minutes range from 7.38% dose/liter to 
14.4% dose/liter for multiple myeloma and 
from 6.35% dose/liter to 13.4% dose/liter for 
the others. By 8 hours, however, these S*° 
levels dropped to almost a third of their re- 
spective initial values. 


For 16 of 19 patients, whole blood and 
plasma S*° concentration data, when graphed 
semi-logarithmically, could be resolved into 3 
distinct exponential components. Fig. 2 illus- 
trates such a plasma concentration S*° curve, 
together with its 3 exponential decay rates, 
obtained from a multiple myeloma patient. 
From analysis of such plots, obtained from 
both whole blood and plasma concentrations, 
it appears that an initial rapid turnover, cor- 
responding to half-disappearance time (T,) of 
about an hour, governs the fall of S®° for the 
first few hours. For the ensuing hours of 
first day, the decrease is described by half- 
time (T2) of approximately 3 hr. A third half- 
time (T3), about 17 hr, characterizes the 
second day following the dose. Mean values 
of these various half-disappearance times for 
myeloma and other patients as derived from 
blood and plasma data are listed in Table II. 
For relating these half-disappearance times 
to corresponding turnover constants (k), the 
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TABLE I. §* Urinary Exeretion and Zero-Time Whole Blood Spaces of Dilution in Patients. 
ee 


Space liter Space -1 X 100 
% urinary excretion | : [ ] 
/24 hr Space Body L meter? Wt kg 
Sex Age Diagnosis Ist 2nd (liter) surface 
Group A 
fe) 52. Multiple myeloma 26.8 Heo 7.12 6.98 12.0 
OP Bye Idem 69.6 12.0 7.15 18.6 
a oY # 33.6 18.6 12.0 7.15 20.3 
g 54 4 60.3 17.2 10.4 5.20 12.5 
OF 73 ‘ 79.0 5.19 6.08 3.80 9.57 
& 73 4 39.4 9.10 8.00 4.15 11.3 
& 61 x 42.7 20.0 eT 6.83 18.3 
& 74 a 54.4 7.30 7.50 4.84 15.5 
$65 3 57.0 20.2 8.75 4.97 13.2 
Avg 51.4 12.3 9.29 5.67 + 1.27 14.6 + 3.5 
as ek? Se fell + 2.16 
Group B 
3 57 Hypernephroma 72.2 16.5 8.40 5,12 14.7 
Q 33: Ca breast 39.8 12.1 13.7 7.34 15.9 
é 69 Ca sigmoid 51.8 11.6 12.2 6.17 isl 
3 78 Osteogenic sare. 71.2 O91 9.85 6.20 16.6 
3 76 Ca sigmoid 80.2 9.10 9.20 5.44 15.5 
Q 53 Ca breast 15.4 5.84 16.0 8.80 22.0 
fe) 41  Hodgkin’s sare. 46.7 6.50 15.2 9.50 27.6 
ce) 62 Ca breast 80.7 6.60 11.0 7.05 17.8 
fe) 46 Ca breast 62.1 nepal 7.40 5.52 18.7 
Q 62 Met. bone dis., pri- 18.9 10.7 6.04 14.6 
mary unknown 
Avg 57.8 10.9 11.4 6.72 + 1.39 17.9) = 3.9 
cE 20 deat 4.08 + 2.87 


* Stand. dey. 


approximate relationship k — 0.693/T holds. 
For the 3 other patients (2 of whom had mye- 
loma), the initial rapid rate (T,) was absent; 
Tz and T3 were both present, in good agree- 
ment with values tabulated. 

2. S®° urinary excretion. The combined 
first and second 24 hr urinary excretion of 
S®*° range from almost 30% of dose to maxi- 
mum of 90%, with no apparent difference be- 
tween the 2 groups studied (Table I). 

3. Radiosulfate space of dilution. The 
zero-time radiosulfate spaces and the ratio of 
these for whole blood and plasma spaces to 
body surface and to weight, were similar for 
myeloma patients and other subjects (Table 
I). Since concentration of S*° in whole blood 
does not differ appreciably from that in 
plasma, the respective spaces are almost iden- 
tical, and, for brevity, only the whole blood 
radiosulfate spaces are tabulated. 

Discussion. The turnover, spaces of dilu- 
tion, and urinary excretion of S*°-sulfate in 
patients with multiple myeloma and other 
malignant disorders were similar. Although 


utilization of inorganic sulfate by the mam- 
mal is not fully understood, it is known that 
elementary sulfur cannot replace cystine or 
methionine for incorporation into tissue pro- 
tein of the rat(6,7). Other studies, however, 
demonstrated that S*°-sulfate is utilized by 
the cytoplasm of the myeloid series of bone 
marrow cells(8,18). Also, there is a significant 
incorporation of S*°-sulfate in the sulfomuco- 
polysaccharide of mammalian tissues such as 
cartilage, aorta, sclera, cornea, and intestinal 
mucosa(9,10,11,12). Indeed, Bostrém sug- 
gests that it may be possible to consider S*° 
sulfate metabolism as reflecting the metabol- 
ism of the whole molecule of sulfomucopoly- 
saccharide(13). 
the rat, the principal uptake of S*° sulfate was 
by mucopolysaccharides containing ester sul- 
fates, with a low, but significant uptake in 
taurine isolated from liver. There was no 
uptake in cystine or methionine(14). In the 
rat, Smith and coworkers have shown that 
about 40% of administered S*° sulfate activ- 
ity was bound to a serum constituent having 


He demonstrated that for 
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FIG. 1. Variation of whole blood S*® coucentra- 
tion with time. Individual points represent mean 
values in 9 patients with multiple myeloma and 10 
patients with other neoplasms. Range (max and 
min values) is indicated by vertical lines extending 
from points. 

FIG. 2. Resolution of a plasma S®* concentration 
curve into 3 exponential components. T,, T;, and 
T, are corresponding half-disappearance times. 


the electrophoretic mobility of a,-globulin; 
they suggest that the binding occurs in a pro- 
tein bound sulfomucopolysaccharide(15). 
The S*° concentration in blood and plasma, 
TABLE II. Initial, Intermediate, and Late Half- 


Disappearance Times Obtained from S®* Whole 
Blood and Plasma Concentration Curves. 


Avg half-disappearance times (hr) 


iN, ay AN 
Whole blood 
Multiple 635 +.205* 2.90 +.274 15.9 + 2.2 
myeloma 
Other neo- .778+.308 3.23 +.44 17.4 + 3.9 
plasms 
Plasma 
Multiple 1.05 +.29 ould ==.50 17.0' 3: 3.0 
myeloma 
Other neo- .981+.451 3.54 +.64 17.9 + 4.4 
plasms 


* Stand. dev. 


turnover times and fraction excreted are in 
general agreement with the findings of others 
for animals and normal man. The almost 
identical whole blood and plasma concentra- 
tions suggest that an appreciable amount of 
S*° enters the red cell, a conclusion in accord 
with data reported for the rat(16,17). Values 
of the various half-disappearance times (Table 
II) indicate a rapid turnover of administered 
radiosulfate. Our values for the intermedi- 
ate half-time (T2), and for radiosulfate space 
for both groups of patients are in close agree- 
ment with those reported for normal human 
subjects(5,19). 

It would appear that administered inor- 
ganic sulfate is rapidly turned over and 
quickly excreted with little, if any, being re- 
tained for tissue incorporation. The rapidly 
excreted S°° may be the original sodium sul- 
fate or in the form of sulfomucopolysacchar- 
ide, which also is rapidly excreted after ad- 
ministration (personal communication, R. So- 
berman). Jn the human, one may conclude 
that only a small portion of the original dose 
is retained for utilization and for incorpora- 
tion into sulfomucopolysaccharide, and, with 
the technics used, an increased retention 
could not be demonstrated in multiple mye- 
loma as compared to other neoplasms. 

Summary. Radiosulfur (S*°) as sodium 
sulfate was administered intravenously in 
doses ranging from 0.867 to 2.07 mc, to 9 
patients with multiple myeloma and to 10 
patients with other neoplasms. The fate of 
administered sulfate was apparently the same 
for both groups of patients. S®° was rapidly 
turned over and excreted; 30 to 90% ap- 
peared in urine within 48 hours. Blood levels 
of S*° closely paralleled those of plasma and 
decreased rapidly. It was possible to dem- 
onstrate that 3 exponential rates governed the 
disappearance of S?° from whole blood and 
plasma. The mean zero-time radiosulfate 
space of dilution was 9.29 + 2.16 liters for 
patients with multiple myeloma and 11.4 + 
2.87 liters for those with other neoplasms. By 
technics employed, a preferential retention of 
sulfate could not be demonstrated in multiple 
myeloma as compared to other neoplasms. 
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Numerous studies on a variety of organ- 
isms have shown that there is in general an 
inverse relationship between K* ion concentra- 
tion of ambient fluid and magnitude of trans- 
membrane potential difference (P.D.). In the 
frog skin(1), resting nerve and other tissues, 
it has been suggested that the potential differ- 
ence is due primarily to K* ion gradient from 
inside of cell to the nutrient medium. There 
are exceptions to this general rule, for ex- 
ample, the findings of Tasaki e¢ al.(2) with 
respect to K* ion gradient in fluids of inner 
ear, where the gradient is opposite to that pre- 
dicted by the classical scheme. In the gastric 
mucosa, it has been suggested that the P.D. 
arises from EMF’s associated with active 
transport of Cl ion(3,4). However, the pos- 
sibility exists that the actual EMF of gastric 
mucosa is dependent on K* ion gradient from 
the cell to the interstitial fluid (ISF). Our 
primary purpose was to determine the effect 
of increasing K* ion concentration in ISF on 


* This work was supported by Grants from Nat. 
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gastric P.D. Because of systemic toxic effects 
of elevated plasma K* ion concentration, the 
method of close arterial injection was used. 
A preliminary report has been published(5). 


Methods. Amytalized dogs were used with 
chambered gastric segment technic(6). Ap- 
proximately 20 cm? of the secretory portion of 
stomach with blood supply intact, is placed 
in a lucite chamber. Two pairs of reversible 
electrodes were used, one pair for measuring 
P.D. and the other pair for sending current 
(1 ma/20 cm’). P.D. was measured with 
Brown recording potentiometer. Direct cur- 
rent resistance was determined as change in 
P.D./unit of applied current(7). One branch 


of splenic artery was canulated for close ar- ” 


terial injections. All other branches except 
those going to stomach were ligated. Injec- 
tions were made with motor driven syringe. 
All experiments were performed on resting 
stomachs with 0.16 M NaCl solution bathing 
the mucosal surface. 


Results. Fig. 1 illustrates a typical experi- 
ment showing effect of injection of several iso- 
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FIG. 1. Potential difference across the mucosa 
(serosa positive in an external circuit) as a fune- 
tion of time is shown by solid curve. Block denotes 
close intra-arterial inj. of isotonic electrolytes with 
the height denoting rate. 

FIG. 2. Upper curves show potential difference 
as a function of time and the lower the direct cur- 
rent resistance in ohms for 20 em’. Lines at the 
top indicate periods of close arterial inj. (1 ml/ 
min. for each experiment) or occlusion of blood 
supply (CP). 


tonic (0.16 M) solutions on P.D. The right 
hand ordinate gives rate of close arterial in- 
jection in ml/min. NaCl and NaHCOs in- 
jections did not result in significant change 
in P.D. but KCl injections resulted in marked 
decrease in P.D. 

Injection of KCl resulted in very marked 
blanching of mucosa not observed with other 
electrolytes even at rates of 5 ml/min. 
Blanching occurred when the P.D. started to 
fall. Following termination of KCl injection, 
the normal pink color of the mucosa usually 
returned immediately and P.D. started rising. 
In some experiments, the stomach remained 
blanched for varying periods following cessa- 
tion of KCl injection and P.D. did not start 
increasing until pink color returned. On the 
assumption that blanching indicates drastic 
decrease in blood flow through the mucosa, 
the possibility was considered that decrease in 
P.D. was due to anoxia since it has been 
shown that interruption of blood supply re- 
sults in decrease in P.D.(8). Following inter- 
ruption of blood supply, the direct current re- 
sistance of the stomach increases. Obviously 


if the effect of KCl injections is due solely to 
lack of blood flow, then resistance should in- 
crease. Fig. 2 shows that the effect of KCl 
injections was a decrease in resistance. The 
magnitude of decrease in resistance was a 
function of the magnitude of decrease in P.D. 
For those experiments in which injection was 
continued until the P.D. fell below 20 mv. 
average decrease in resistance was 2 ohms for 
20 cm? (8 experiments range 1.2 to 3.2). Dur- 
ing recovery, P.D. and resistance increase and 
return to approximately their original levels. 

The effect of clamping the pedicle is illus- 
trated in the middle experiment Fig. 2. Dura- 
tion of clamping is indicated by the line la- 
belled CP. Following the experiment on in- 
terrupting the blood flow, the stomach still be- 
haves in typical fashion with KCl injections 
as seen in last experiment in this Figure. 

The effect of KCl injection differs from 
that of clamping the pedicle. Apart from the 
difference in direction of the resistance change, 
P.D. decreases more rapidly following KCl 
than with clamping of pedicle. The rate at 
which both resistance and P.D. return to nor- 
mal is greater following release of clamped 
pedicle than following cessation of KCl injec- 
tion. In spite of these differences, it is not 
possible to conclude that the effect of KCl in- 
jection is not due in part to anoxia. In some 
experiments, when blanching persisted longer 
than shown in the Figures, resistance started 
rising. In one experiment, blanching per- 
sisted for 19 minutes after cessation of KCl 
injection and P.D. fell to approximately zero. 
After a typical fall in resistance (2 ohms), 
the resistance 14 min from start of injection 
started to increase and increased by 15 ohms 
in the following 19 minutes. At this time, 
close arterial injection of 0.16 M NaCl re- 
sulted in reestablishment of normal color of 
the mucosa and a response of P.D. and resis- 
tance essentially the same as that seen after 
reestablishing the blood supply following a 
period of interrupted blood flow, 7.e., similar 
to results shown in middle experiment of 
| SO ee oh 

It is apparent that a quantitative study of 
the effect of changes in K* ion concentration 
in ISF, in preparations with intact blood sup- 
ply is beset with difficulties. It was planned 
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originally to estimate K* ion concentration in 
mucosal ISF by determination of K* ion con- 
centration in venous outflow from the seg- 
ment, after steady state conditions were es- 
tablished. Blood flow through the segment in 
absence of intra-arterial injection ranges from 
7 to 12 ml/min (collection of entire outflow 
after heparinization). However, because of 
blanching, it is obvious that K* ion concentra- 
tion in plasma of the venous outflow would 
not be a reliable index of K* ion concentra- 
tion in ISF of the mucosa. Smaller concen- 
trations of KCl (plus NaCl for isotonicity) 
and lower injection rates were tried but there 
was no fall in P.D. until the stomach blanched. 
With lower concentrations and longer periods 
of injection, there was a tendency for resis- 
tance to increase after the initial decrease 
(probably the result of prolonged anoxia of 
mucosa). 

An attempt was made to prevent blanching 
by injection of a vasodilator (histamine, me- 
thacholine chloride or sodium nitrite) along 
with KCl. These agents even in high concen- 
tration (when injected close arterially with 
KCl, resulted in lowering of mean carotid 
blood pressure) did not prevent blanching. 

Discussion. A marked vasoconstrictor ac- 
tion of elevated plasma K* ion concentration 
has been previously reported(9). Although it 
is not possible to arrive at a clear cut conclu- 
sion on the relationship between P.D. and K* 
ion concentration in ISF, the results are com- 
patible with the idea that increase in K* 
ion concentration in ISF results in decrease 
in both P.D. and resistance. Mond(10) had 
previously reported that in the perfused frog 
stomach, an elevation of K* ion results in de- 
crease in P.D. However, our results force 
one to consider the possibility that in Mond’s 
experiment, the high K* ion may have di- 
verted the perfusion fluid from the mucosa 
with a consequent decrease in Os supply and 
that part of the observed effect may have 
been due to anoxia. Harris and Edelman(11) 
on the other hand found that P.D. of the se- 


creting in vitro frog’s stomach is inversely re- 
lated to K* ion concentration over range of 
1 to 9 meq of K* ion/liter. One might be 
tempted to assume that K* ion gradient from 
cells to ISF is solely responsible for the P.D. 
However, other evidence indicates that there 
may be another EMF dependent on presence 
of Cl ion. 


Summary. We determined the effect of in- 
creasing K* ion concentration of interstitial 
fluid on the potential difference across the 
resting dog’s stomach. The chambered gas- 
tric segment preparation was used and _ be- 
cause of toxic systemic effects of elevated 
plasma K* ion concentration, local plasma K* 
ion concentration was elevated by close ar- 
terial injection. Close arterial injection of 
KCI resulted in a decrease in P.D., a decrease 
in resistance, and a marked blanching of the 
mucosa. Control experiments with NaCl and 
NaHCO; did not result in blanching and had 
relatively little influence on P.D. or resis- 
tance. That the effects of close arterial KCl 
injections are not the result of anoxia alone is 
suggested by the occlusion of blood supply 
producing a decrease in P.D. but an increase 
in resistance. 
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Investigations on the effects of freezing on 
human serum lipoproteins have appeared in 
the literature. In one report a comparison of 
the extractability of lipids with ether was 
made between liquid and frozen lipoprotein 
solutions(1). In other studies, extent of lipo- 
protein change due to freezing and storage 
was investigated by noting alteration in solu- 
bility(2,3). The effects of freeze-thawing 
and storage on ultracentrifugal properties of 
lipoproteins have not been studied except for 
observations relative to one lipoprotein group 
(4). These effects represent a problem that 
must be solved before determination of the 
clinical importance of serum lipoproteins, 
whenever those conditions are involved. This 
paper summarizes the results of our investiga- 
tion into the problem. 

Material. Human sera from male adults 
with elevated concentration of lipoproteins 
were used. Sera were distributed in samples 
by pipetting 2 ml of each serum into 10-ml 
screw-cap vials, which were carefully sealed 
under nitrogen. Freezing processes. For 
rapid freezing (r.f.), the vials were dipped 
into dry ice and acetone for 50 sec. For slow 
freezing (s.f.) vials were set in deep freeze 
1 hr. In both processes, final temperature 
was —28° + 1°C as checked with a copper- 
constantan thermocouple. Thawing. For 
rapid thawing (r.th.), vials were placed in 
water bath at + 37°C for 120 sec. For these 
conditions serum reached a temperature of 
24° + 1°C. For slow thawing (s.th.) vials 
were left at room temperature (24 + 2°C) 
for 1 hr, after which temperature equilibrium 
had usually been reached. Storage. Three 
ranges of storage temperature were studied: 
(a) between —30° and —26°C; (b) between 
ey owand O°C= and: ic) “between “0° and 
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+4°C. At temperatures between —30° and 
—26°C sera appeared constantly and_thor- 
oughly frozen in contrast to temperatures be- 
tween —5° and 0°C; in this range sera were 
not always thoroughly frozen. Ultracentrifuga- 
tion. Isolation and analysis of serum lipo- 
proteins were performed by previously de- 
scribed procedures(5). Isolation was car- 
ried out in Spinco Model L preparative ultra- 
centrifuge. For isolation of low-density lipo- 
proteins (LDL) serum was diluted with equal 
volume of NaCl solution (p 20°/4° = 1.118 
g/ml). For isolation of total high-density 
lipoproteins (HDL), serum was diluted with 
equal volume of NaNOsz in D2O solution of 
p 20°/4° = 1.390 g/ml, yielding a back- 
ground solution of p 20°/4° = 1.20 g/ml. 
Determinations of flotation rates and concen- 
trations were carried out in Spinco Model-E 
analytical ultracentrifuge. Lipoproteins were 
classified as follows: LDL: S494) 100-400, 


20-100, 12-20, 0-12 (flotation rates were cor- 
rected for concentration and Johnston-Ogston 
effects); HDL: lipoproteins with hydrated 
densities in range between 1.075 g/ml and 
1.15 g/ml. Solution densities were determined 
with 1-ml pycnometer. 

Standard errors of measurement are as fol- 
lows: Si 0-12: 19: 12-20: 163.-20-1003922; 
100-400: 34; HDL: 10. These standard er- 
rors can be expressed as percentage errors by 
dividing them by their respective means: 7%, 
2%, 10%, 12% and 4%. 

Results. Table I presents average results 
of freeze-thawing of 2 sets of sera. Repeated 
successive cycles (from one to 3 times) of 
either rapid or slow freeze-thawing of serum 
produce no significant changes in either con- 
centration or flotation rate of the major 
classes of lipoproteins. 

Once it was established that changes result- 
ing from a single freeze-thawing process were 
minimal, the effects of storage in deep-frozen 
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TABLE I. Freeze-Thawing of Serum. Serum con- 
centration in mg %. 


Avg for 4 sera Avg for 3 sera 


Tits ABN. s:t. s.th, 
Orme, (SK) Orig. (3X) 
ee 100-400 239 237 282 281 
20-400 216 213 240 235 
12-.20 55 55 56 59 
0- 12 317 315 325 319 
Total LDL 827 820 904 893 
HDL 280 291 292 282 
Total lipop’tn 1107 Halal 1196 1175 


state were studied in combination with rapid 
and with slow freezing and thawing processes. 
Table II presents average of results for 2 sera 
for each condition of storage. The discussion 
of this Table is in line with that of Table ITI. 
Table III presents average results of compara- 
tive study of storage of 3 sera at temperatures 
between -—30° and —26°C, between —5° and 
0°C, and between 0° and +4°C. (Results of 
analyses intermediate to periods shown in 
Tables are omitted for brevity.) 

At temperatures between —30° and —26°C, 
lipoproteins with flotation rates above S; 20 


were more rapidly degraded and showed more 
extensive degradation over comparable periods 
of storage than lipoproteins with flotation 


rates less than S¢ (4 9g) 20. In contrast, Si (1 o¢) 


0-20 as well as HDL lipoprotein classes 
showed relative stability to storage between 
these temperatures. After 6 months, the 
maximum change observed in the HDL class 
was 30% decrease in concentration. 

At temperatures between —5° and 0°C all 
lipoprotein classes appeared to be stable for 
at least 28 days. Thereafter, S; 0-20 and 


HDL lipoprotein classes appeared to be more 
resistant to degradation than the other lipo- 
protein classes. After 21 to 28 days of storage, 
the HDL lipoprotein class showed some quali- 
tative changes not evident in Table III. These 
changes were a broadening of lipoprotein dis- 
tribution accompanied by increase in flotation 
rate of the major peak. 


At temperatures between 0° and +4°C, all 
lipoprotein classes appear to be stable for at 
least 14 days. Thereafter, there is no con- 
sistent pattern of degradation. Qualitative 
changes frequently appear as concentration 
increases and decreases within any broad lipo- 
protein class, without any net concentration 
change of that class. After 7 to 14 days of 
storage, the HDL lipoprotein class showed a 
broadening of lipoprotein distribution and in- 
crease in flotation rate of the major peak. 


Conclusions. 1) Storage of serum at a 
temperature between —5° and O°C yielded 
stable values for human serum lipoproteins for 
at least 4 weeks.. 2) Storage of serum be- 
tween 0° and +4°C for as long as 2 weeks 
also revealed no quantitative change in lipo- 
protein pattern. 3) Storage for even a few 
days at —28°C was associated with alterations 
in relative proportions of lipoprotein frac- 
tions. It is interesting to mention that under 
similar treatment, lipoproteins in salt solu- 
tions undergo faster degradation than those 
in serum. 


Summary. The effects of freeze-thawing 
and of storage on ultracentrifugal characteris- 
tics of human serum lipoproteins have been 
studied. Two different rates of freezing and 
thawing have been used. Storage has been 
carried out at 3 different temperatures: be- 


TABLE IT. Storage of Serum at Temperature between —30° and -26°C. Serum concentration 
inmg %. 


r.f.—storage—r.th. 


Avg for 2 sera 
s.f.—storage—s.th. 


Days of storages Orig. 7 180 360 Orig. 7 180 360 
SF 1.0m +00-400 274 212 162 51 137 140 72 Traces 
20-100 230 152 129 45 195 160 68 Traces 

12- 20 44 37 45 33 67 51 47 31 

0- 12 220 198 217 220 314 274 252 224 

Total LDL 768 599 553 349 7183 625 439 235 

HDL 258 255 264 203 247 270 203 189 

Total lipoprotein 1026 854 817 552 960 895 642 444 
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TABLE III. Storage of Serum at Temperatures between —30° and —26°C, —5° and 0°C, and 
0° and +4°C, Serum concentration in mg %. 


Avg for 3 sera — 


r 


s.f.—storage—-s.th. 


— 
—30° and —26°C —5° and 0°C 0° and +4°C 

Days of storages Orig. if 28 128 if 28 178 7 78 178 
Sita 100-400 250 235 8 =6.187 98 295) ZO, meuoll 2538 230 108 
20-100 356 137 =. 124 87 363 350 140 348 301 208 

12- 20 41 24 25 24 39 41 32 42 44 40 

0- 12 270 232 247 227 272 284 230 278 272 §=288 

Total LDL 917 628 583 436 932 942 553 921 847 589 
HDL 232 236 237 199 227 224 166 Ol el OL») 
Totallipoprotein 1149 864 820 635 TESS) MLK) Aly 1178 1063 784 


tween —30° and —26°C, between —5° and 0°C, 
and between 0° and +4°C. Adequate preser- 
vation of lipoproteins stored as serum at a 
temperature between —5° and 0°C was main- 
tained for 4 weeks, between 0°C and + 4°C 
for 2 weeks, and between —30° and —26°C for 
a few days. 
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Previous studies(1,2) have shown that the 
organic mercurial diuretic agent, mercapto- 
merin sodium, localizes in kidneys when ad- 
ministered parenterally to animals or human 
subjects. The renal histopathologic effects 
of the organic mercurials are well known, but 
the nature of the changes in tissue composi- 
tion is still obscure. The purpose of the pres- 
ent study in normal rabbits was to determine 
what changes in water, sodium and potassium 
- contents of renal tissue were produced by in- 
travenous injection of various doses of mer- 
captomerin sodium. 


* This work was supported by grants-in-aid from 
Am. Heart Assn., Wyeth Labs., and contract with 
U.S. Atomic Energy Comm. 


+ Established investigator of Am. Heart Assn. 


Material and methods. Forty-four normal 
albino male rabbits were kept in individual 
metabolism cages and fed a stock diet of com- 
pressed pellets. Tap water was given without 
restriction. Six control animals were not in- 
jected. Six animals received intravenous in- 
jection of mercury of 0.5 mg/kg of body 
weight; 9 animals were given 1 mg/kg; 5 were 
given 5 mg/kg and 6 each were given 10, 15 
and 20 mg/kg. The mercury was given as 
commercial lyophilized mercaptomerin sodium 
(Thiomerin), dissolved in 1 or 2 ml of water 
immediately prior to injection. All test ani- 
mals were killed by air embolism 48 hours 
after administration of the mercurial. Both 
kidneys were removed and weighed, and the 
cortices were then separated from the medul- 
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TABLE I. Renal Water, Sodium and Potassium Content in Rabbits Given Various Intravenous 


Doses of Mercaptomerin Sodium. 


I.V.doseof No. of Cortex Medulla 
mereaptomerin rabbits Na K HO Na K HO 
(mg Hg/kg) in group (meq/kg wet tiss.) (%) (meq/kg wet tiss.) (%) 
0 6 Mean 68.92 60.62 78.93 103.11* 57.29 81.46* 

8.D. 9.30 5.70 1.20 14.40 6.80 3.10 

No.t 20 20 20 16 16 16 
5 6 Mean 70.45 66.96*  77.20* 85.89* 66.04* 80.05 
S.D. 5.42 6.87 UGILYs 13.05 4.91 1.63 

No.t 22 22 22 22 22 22 
1.0 9 Mean 65.16 62.29 79.28 99.48 60.71 81.81 
8.D. 7.62 3.48 1.89 25.34 5.78 2.55 

No.t 30 22 30 30 22 30 
5.0 5 Mean 64.69 56.01 80.04* 83.20* 56.49 80.93 
8.D. 4.92 5.21 1.00 23.10 6.02 1.60 

No.t 16 16 16 16 16 16 
10.0 6 Mean 77.45*  42.55*  82.60* 71.55* 48.12* 80.02 
8.D. 3.40 2.78 1.56 8.02 5.36 3.03 

No.t 22 22 22 20 20 20 
15.0 6 Mean 76.58* 42.55* 82.65* 66.36* 47:33" 82.55 
S.D. 5.66 6.82 eal 5.22 4.37 1.10 

No.t 22 22 22 18) 19 ng) 
20.0 6 Mean 76.29* 42.64* 83.35* C7 LIA DOR S Soak) 
8.D. 4.65 4.65 90 4.40 4.70 .86 

No.t 20 20 20 20 20 20 


* Significant difference when compared with respective mean control values. P = less than 


0.01. 
t No. of specimens analyzed. 


las by gross dissection. In most instances, 2 
samples from the medulla and 2 from the cor- 
tex of each kidney were placed in test tubes 
of known weight. The samples weighed ap- 
proximately 1 g each. The test tubes were 
then dried at 110°C until constant weights 
were reached. After dry tissues had been pul- 
verized with glass rod, 10 ml of demineralized 
distilled water was added to each tube. The 
tubes were shaken, stoppered, and stored in 
refrigerator 6 days, then centrifuged. Sodium 
and potassium contents of supernatant fluid 
were determined by lithium internal standard 
method of flame photometry. Statistical 
analysis. The significance of difference be- 
tween mean values was tested by the formula 
for comparing 2 groups with a different num- 
ber of observations in each group(3). 
Results. (Table I). In 6 normal rabbits 
used as controls, the mean concentration of 
sodium in the medulla (103.1 meq/kg wet wt 
of tissue) was considerably higher than that 
found in the cortex (68.9 meq/kg). Water 
content of medulla (81.5%) was significantly 


higher than that of the cortex (78.9%). 

Administration of mercury 0.5 mg/kg pro- 
duced the following significant changes: in- 
crease in potassium content and decrease in 
water content in the cortex, decrease in so- 
dium and water content and increase in po- 
tassium content in the medulla. Tissue 
changes at 1 and 5 mg/kg of mercury were 
not striking except for the decrease in medul- 
lary sodium content. Injection of mercury in 
doses of 10, 15 or 20 mg/kg resulted in a sig- 
nificant increase in cortical sodium concentra- 
tion and water content and a decrease in cor- 
tical potassium concentration. Medullary 
concentrations of sodium and potassium were 
significantly and strikingly decreased follow- 
ing injection of mercury in doses of 10, 15 or 
20 mg/kg. Water content of the medulla was 
not significantly altered by these doses of mer- 
cury. 

Comments. Ullrich and Jarausch(4) have 
previously shown in dogs that the tissue so- 
dium concentration in thirsted animals in- 
creases progressively from the cortex to the 
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outer zone of the medulla and to the tip of 
the papilla. The rather high concentration of 
sodium in the medulla of our control animals 
given water without restriction as compared 
with that in the cortex, with very little differ- 
ence in potassium concentration or water con- 
tent, may be attributed theoretically to one 
or more of the following factors: 1) a higher 
proportion of extracellular fluid in medulla 
than in cortex, 2) presence of tubular fluid 
and urine, or 3) a high intracellular concen- 
tration of sodium within medullary cells. 
Since concentration of sodium in serum of nor- 
mal rabbits is 131.9 + 7.2 meq/I(5), and 
since not more than 55% of the medulla is 
thought to be composed of interstitial tissue 
(6), it is difficult to account for high concen- 
tration of sodium in the medulla on the basis 
of extracellular fluid alone. It cannot be de- 
termined from the present study whether the 
high medullary concentration of sodium is due 
to tubular fluid or to intracellular accumula- 
tion. Ljungsberg(6) has previously concluded 
from a histotopochemical study in rats, that 
chloride is located within the cells of the col- 
lecting tubules. Although he attributed this 
concentration to active chloride reabsorption, 
Smith(7) has stated that active sodium reab- 
sorption is more probable. Radioautsgraphic 
studies with Na? in rats(8) have shown that 
maximal concentration of radioactivity occurs 
in cells of the renal collecting duct. Data from 
our study in rabbits are compatible with the 
interpretation that tubular cells may concen- 
trate sodium. 

Diuretic doses of mercury (below 10 mg/ 
kg) appear to have produced dehydration and 
concentration of potassium in both cortex and 
medulla, with a decrease in sodium concentra- 
tion in the medullary tissue. Previous studies 
with Na??(8) have shown that diuretic doses 
of an organic mercurial produce autographic 
changes in the cortex, attributed to alterations 

in the proximal convoluted tubules, and in the 
medulla, thought to be due to functional 
changes in cells of the collecting ducts. 


A single intravenous dose of 10 mg of mer- 
cury or more/kg body weight is nephrotoxic. 
In our study on rabbits, doses of 10, 15 and 20 
mg/kg produced in the cortical tissue electro- 
lyte changes compatible with cellular damage 
—a decrease in potassium and an increase in 
sodium concentration and water content. In 
the medulla, these dosages caused a decrease 
in sodium and potassium contents, changes 
which might be due to a less severe degree of 
cellular damage than that incurred in the cor- 
tex. The relatively greater damage to corti- 
cal tissue is compatible with the previous ob- 
servation in rabbits(2) that concentration of 
mercury in the cortex is approximately twice 
that in the medulla. 


Summary. Sodium, potassium and water 
content of the renal cortex and medulla were 
determined in normal rabbits and in rabbits 
given intravenous injections of mercury, as 
mercaptomerin sodium, in doses of 0.5 to 20 
mg/kg of body weight. Concentration of so- 
dium in the normal medulla (103.1) meq/kg 
wet tissue) was considerably higher than that 
in the normal cortex (68.9 meq/kg). With 
administration of mercury in doses of 10 mg 
or more/kg, cortical sodium concentration and 
water content increased and potassium con- 
centration decreased; medullary sodium and 
potassium concentrations both decreased. 
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An Electrophoretic Study of Purified Thrombin.* 
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In the present study, we investigated elec- 
trophoretic properties of purified bovine bio- 
resin thrombin prepared as described by See- 
gers, Levine, and Shepard(1). The prepara- 
tion had an average specific activity of 45,000 
units/mg of tyrosine and 4100 units/mg of 
dry weight. In the analytical centrifuge the 
preparations showed a single symmetrical 
peak. 

Materials and methods. Prothrombin was 
obtained from bovine plasma according to the 
methods of Seegers and co-workers(2,3). 
Thrombin was prepared by activating purified 
bovine prothrombin in the presence of lung 
thromboplastin and calcium ions(4). This 
material was then fractionated on the ion ex- 
change column, the most active fractions were 
saved and finally obtained free of salt by 
methods previously described(1). Paper elec- 
trophoresis was performed with Spinco appar- 
atus on Whatman No. 3 MM paper and with 
appropriate buffers of 0.1 ionic strength. 
Samples of .04% thrombin solution, .02 ml, 
were separated at room temperature using 120 
volts for exactly 18 hours. The strips were 
then dried at 100°C and stained with 
1% solution of bromphenol blue(5). After 
washing the strips in methanol, the color was 
intensified by ammonia fumes. The point of 
maximum color intensity was determined us- 
ing a Photovolt densitometer. Samples of 
dextran,} .02 ml, were also included so that 
suitable corrections could be made for electro- 
osmosis(5). Staining of dextran by bromphe- 
nol blue was usually insensitive even after 3 
hours in the dye. The dextran area finally ap- 
peared as a light blue band; staining with pe- 
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¢ Plavolex, a 6% solution of dextran, manufac- 
tured by R. K. Laros Co., Bethlehem, Pa. 


riodic acid-Schiff reagent confirmed its iden- 
tity. 

Results are depicted in Fig. 1. Electro- 
phoresis was performed at pH 5.0, 5.5, 6.0, 
7.0, and 8.6, using acetate, phosphate, and 
veronal buffers, of 0.1 ionic strength, in appro- 
priate pH ranges. At completion of electro- 
phoresis, the pH of buffer was again tested to 
insure that no changes had occurred. In nearly 
every experiment, a single peak was obtained. 
However, no inferences may be made with re- 
spect to electrophoretic homogeneity of throm- 
bin preparation because of diffusion effects 
and the relatively poor resolving power of — 
filter paper electrophoresis. 

To determine mobility and isoelectric point, 
it was necessary to correct migration for de- 
gree of electro-osmotic flow of buffer toward 
the cathode. All measurements of migration 
by thrombin were made using the dextran 
area as the actual origin. Thrombin mobility 
was calculated(5) to be 3.14 x 10° cm?/volt/ 
second at pH 8.6 which compares with 3.02 
x 10°° cm?/volt/second, the value for B-globu- 
lin obtained by Kunkel and Tiselius(5). In 
an experiment using a sample of human serum, 
the purified thrombin migrated to the same 
degree as the £-globulins. 

The isoelectric point (Fig. 1) was 5.6. 

Discussion. From previous measurements 
of electrophoretic mobility of thrombin, the 
following values were obtained: biothrombin, 
6.5 x 10°; citrate thrombin, 4.6 x 10° 
and 6.0 x 10°° cm?/volt/second respectively 
for the 2 major peaks observed(6). Isoelec- 
tric points of 4.1 and 4.7 were determined for 
citrate thrombin(6). We believe that the 
difference between previous values and the 
ones reported here, namely mobility of 3.14 x 
10° cm?/volt/second and an isoelectric point 
of 5.6, is great enough to be significant. 
Therefore, when biothrombin, our source ma- 
terial, is subjected to ion exchange chroma- 
tography, the electrophoretic properties of the 
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FIG. 1. Paper electrophoresis of purified thrombin 
with acetate, phosphate and veronal buffers, ionic 
strength 0.1. 


material are altered as well as specific activity 
and ultracentrifugal properties. already re- 
ported(1). 
tions previously studied it is likely that the 


In the citrate thrombin prepara- 


results are in part the reflection of aggregate 
formation(7). 

Summary. Electrophoresis on filter paper 
strips has been performed on purified throm- 
bin prepared by recently developed technics 
of ion exchange chromatography. Mobility in 
veronal buffer, pH 8.6, ionic strength 0.1, was 
calculated to be 3.14 x 10°° cm?/volt/second. 
The isoelectric point was shown to be 5.6. 
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Coupled Oxidative Phosphorylation in Crude Extracts of Azotobacter agilis. 
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Oxidative phosphorylation in bacterial ex- 
tracts is well authenticated(1-5), but details 
of this fundamental physiological mechanism 
are lacking. With exception of mycobacterial 
and corynebacterial systems of Brodie e¢ al. 
(1), P/O ratios have been low compared to 
those theoretically possible, or are obtained 
with mammalian systems(6). It becomes de- 
sirable then to determine the influence, if any, 
of mode of preparation of the extract on P/O 
‘ratios. Azotobacter agilis (A. vinelandii) was 
employed as the test organism. 

Materials and methods. Azotobacter agilis 
was grown with aeration in 3 L of Burk’s 
nitrogen free mineral salts medium(7) con- 


* Nat. Research Council Postdoctoral Fellow in 
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taining 2% sucrose in 8-L pyrex glass bottle. 
The cells were harvested by centrifugation at 
2°C and washed twice in cold distilled water. 
Intact cells, or disrupted ones, depending 
upon procedure employed, were suspended in 
0.05 M “tris” (hydroxymethyl) aminome- 
thane buffer, pH 8.0, containing 0.05 M 
MegSO,; this solution is designated herein as 
TBS. Twenty-five pmoles ATP (N. B. Co.) 
were added to cell suspension or cell paste as 
stabilizer. Sonic disintegration. Two to 5 g 
of cells suspended in 5 ml of TBS were treated 
in 10 kc Raytheon magnetostrictive oscillator 
for 3 to 4 min. The homogenate was centri- 
fuged 30 min at 20,000 X G and 2°C. The 
supernatant fluid (crude extract) was care- 
fully decanted and enough phosphate buffer, 
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pH 7.2, was added to give 15 to 20 pmoles of 
inorganic phosphate/ml. The same amount 
of phosphate was also employed in procedures 
to be described. Grinding with alumina. A 
quantity of cells (same weight as above but 
no fluid) was placed in mortar kept at 4°C. 
An equal weight of levigated, alumina was 
added and the cells ground for 3 to 4 min at 
4°C. After grinding, 5 ml of TBS were 
added and then centrifuged at 2,000 X G and 
2°C for 10 min. The supernatant fluid was 
removed and recentrifuged at 2,000 X G and 
2°C for 10 min before testing. Centrifuga- 
tion at higher speeds removed active material. 
Treatment in ball mill. A quantity of cells 
equivalent to that used above was placed in 
a ball mill with equal weight of alumina and 
15 stones and ground at 2°C for 30 min. 
Seven ml of TBS were then added. This ma- 
terial was centrifuged at 2,000 X G and 2°C 
for 10 min before determining activity of su- 
pernatant fluid. Sudden release of pressure. 
Nine to 13 g of cells (wet weight), suspended 
in 25 ml of TBS, were broken up according to 
method of French and Milner (see Colowick 
and Kaplan,8). The extract was centrifuged 
at 20,000 X G for 30 min at 2°C. Protein 
content of cell-free preparations was estimated 
by procedure of Stadtman e¢ al.(9). Determi- 
nations of phosphate and manometric meas- 
urements were similar to those of Brodie and 
Gray(1). Since the extracts possessed no 
significant endogenous activity and there was 
little difference in effect of ADP added to 
dialyzed or non-dialyzed extracts, except to 
show stimulation by added acceptor with 
dialyzed extracts, dialysis of extracts was dis- 
continued after first few experiments. Also, 
since dialyzed hexokinase showed no greater 
activity than undialyzed hexokinase, this 
treatment was also discontinued early in the 
investigation. Test systems consisted of 10 
pmoles MgCly; 15-20 umoles inorganic phos- 
phate; 2 pmoles ADP (N.B. Co.); 20 p»moles 
mannose as the acceptor and 1 ml of crude 
extract in main compartment of Warburg ves- 
sels. The sidearms contained 50 pmoles of 
NaF, 50 wmoles of sodium succinate as sub- 
strate and 3 mg of yeast hexokinase (N.B. 
Co). The vessels were equilibrated for 10 
min; then contents of sidearm were tipped 


in and oxygen uptake was measured 10 min. 
The reaction was stopped by addition of 1 
ml of 10% trichloroacetic acid. 

Results. Results recorded in Table I show 
that with crude extracts prepared by sonic 
disintegration P/O ratios are indeed low. In 
numerous experiments the ratios varied from 
0.21 to 0.41, the highest consistent P/O ratios 
recorded in the literature for this organism 
with succinate as substrate being about 0.5 
(3); and in one case, 0.8, with unwashed 
particles of Tissieres(5). 

P/O ratios obtained under same conditions 
as above, but with extracts of alumina ground 
cells, were also low but equivalent to those ob- 
served with sonic extracts. Extracts prepared 
by using the French Cell also exhibited low 
P/O ratios, ranging from 0.15 to 0.33. Ex- 
tracts prepared in ball mill were not as active 
oxidatively as those prepared by other meth- 
ods, and were completely inactive phosphoro- 
latively regardless of grinding time. 

Time course study of oxidative phosphory- 
lation showed, in a representative experiment, 
that with sonic extracts P/O ratio dropped 
from 0.57 at 2 min, to 0.36 at 5 min, decreas- 
ing to 0.28 at 10 min. In a representative 
experiment with French Cell extracts, P/O 
ratio dropped from 0.66 at 2 min, to 0.41 at 
5 min, and to 0.25 at 10 min. These results 
suggest that a labile factor may be present 
in the extracts. ; 

Centrifugal characteristics of extracts pre- 
pared by different methods are quite different, 
é.g., a routine centrifugation of 20,000 X G 
for 30 min after breaking the cells by sonic 
disintegration or with French Cell, results in 
retention of activity in the supernatant fluid; 
however, centrifugation at 20,000 X G for 
30 min, after breaking cells by grinding with 
alumina or in ball mill, separates almost all re- 
spective activities in the particulate fraction. 
This indicates a decided difference in size of 
particles obtained. Which are methodological 
artifacts and which truly represent the struc- 
ture or structures of the intact cell await fur- 
ther clarification. Some measure of clarifica- 
tion has been offered by Bradfield(10), Tis- 
sieres e¢ al.(5), and Cota-Robles et al.(11). 
In addition, the Table reveals an obvious dif- 
ference with respect to specific activity (i.e., 
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TABLE I. Oxidative Phosphorylation Ratios (uMoles Phosphate Esterified/pAtoms Oxygen 
Consumed) Observed with Crude Extracts of Azotobacter agilis under Conditions Described in 
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Text. 
System Sonic Alumina Ball mill French cell 

Complete (duplicate) 2 (.0V 20 4.2/10.2 = .41 0/3.6 1.6/10.6 = .15 

2/74 = .27 3.4/10.2 = .33 0/3.3 TS /L0 4 eh 
No substrate BY feb = ae! eyelet ()9) , 07033 iy = 4) 
” acceptor AYP = PAS) S22/ LOM = 32 0/3.6 Pay Ailes), =) 67-5} 
Neither substrate nor 0/7 .56= — Wf doe Sailayy OY iB 10a Oe — eat 

acceptor E 
mg protein 9.5 7.8 Tess 16.8 


activity/unit of protein) of different extracts. 

It is clear from our results that the com- 
mon methods of preparing extracts yield 
preparations exhibiting low P/O ratios with 
this organism. It is possible, in view of ac- 
cumulating evidence, that there is a poor ef- 
ficiency of coupling between endergonic and 
exergonic activities of A. agilis. In conformity 
with this view the extent of assimilation is low 
and this organism lacks sensitivity to dinitro- 
phenol and azide both with respect to oxida- 
tive phosphorylation and oxidative assimila- 
tion(12). 

Results reported in Table I indicate that 
in the absence of added substrate, oxygen con- 
sumption is markedly reduced, although in 
most cases P/O ratios are as high or higher 
than in complete systems. It is apparent that 
substrate oxidation is essential for fixation of 
larger amounts of phosphate, although added 
acceptor is not. Since ball mill extracts ex- 
hibited oxidative but not phosphorylative ac- 
tivity and quite marked oxidative ability was 
noted in all extracts, it appears that low P/O 
ratios may in part be the result of inhibition 
or destruction of part of the phosphorylating 
or phosphate transfer system. This is sup- 
ported by decrease in P/O ratios with time 
observed in the extracts. 

Summary. 1) The effect of method of 
preparation of the extract, sonic disintegra- 
tion, grinding with alumina, disruption in ball 
‘mill, or sudden release of pressure in the 
French Cell, on P/O ratio of crude extracts 
of A. agilis with succinate as substrate has 


been investigated. 2) The P/O ratios show 
a wide range of variation with different ex- 
tracts prepared by same method, but with 
all methods used, P/O ratios were low com- 
pared to mycobacterial and mammalian sys- 
tems. Some evidence is presented that a la- 
bile factor is present in extracts and is re- 
sponsible, at least in part, for the low ratios 
observed. 
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This report is concerned with effects of 
acetylcholine chloride, oxyphenonium bromide 
and sodium chloride injected into the region 
of globus pallidus of persons with Parkinson’s 
disease. 

Materials and methods. Eleven persons 
with varying degrees of Parkinsonism have 
been injected with cholinergic and anticholin- 
ergic drugs. Bilateral injections were done 
in 5 persons and unilateral in 6, 5 right and 
1 left. Symptoms had been present from 3 
to 30 years with increasing severity despite 
drug therapy. All antiparkinson medication 
was stopped prior to test period. The patient 
was alert and cooperative during injection 
periods, and numerous clinical tests were done 
but only 4 will be reported in detail. Motor 
strength in the hand was tested with bulb 
dynamometer (Geckeler type). Muscular 
rigidity was evaluated and observed by pas- 
sively flexing and extending extremities at 
joints. Rapid alternating movements were 
tested in hand and fingers by having patient 
open and close the fingers as quickly as pos- 
sible for 30 seconds. Differences in electrical 
resistance of skin over head, trunk and limbs 
were measured (A. R. Spartana Co. Model 2R 
Neuro-dermometer). Temperature of skin 
was recorded over same body areas with sur- 
face pyrometer (E. M. Rauh & Co., Inc.). A 
Cooper chemopallidectomy catheter without 
a balloon was placed into region of globus pal- 
lidus by free hand method. The position of 
tip of catheter was determined by measure- 
ment on the pneumoencephalogram. The 
ideal locus for the tip on lateral x-ray was 
10 mm below and behind anterior lip of the 
Foramen of Monro, and on anteroposterior x- 
ray 15-20 mm lateral from midpoint of third 
ventricle. This would place the point of in- 
jection at medial third of globus pallidus. The 
catheter was securely anchored to scalp, and 
its position checked by x-ray before and after 
each injection period. Injection lasted 7-10 
days, with average of 3 injections spaced sey- 
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eral days apart. Acetylcholine chloride 
(Merck) in 10% solution and oxyphenonium 
bromide (Antrenyl, Ciba) in 0.2% solution 
were the drugs studied. Sterile isotonic saline 
and 5% sodium chloride were used as control 
injections. The drugs were dissolved in ster- 
ile isotonic saline at time of injection. Total 
amount of fluid injected was 1 ml and rate of 
injection was constant at 0.05 ml/minute. 
The patient sat up during injection to prevent 
regurgitation of fluid along catheter track. 

Results. A total of 88 injections has been 
done, 56 with acetylcholine chloride, 16 oxy- 
phenonium bromide, 15 isotonic saline, and 
1 with 5% saline. The events reported with 
each drug did not necessarily occur following 
every injection but represent a composite of 
observations. 

Isotonic saline and 5% saline solution re- 
sulted in no clinical change. 


Acetylcholine chloride. During initial 5-10 
minutes of injection, a stimulatory effect oc- 
curred with increase in amplitude of tremor 
in the contralateral arm or onset of focal 
seizure in the contralateral face. Conjugate 
deviation of eyes or turning of head away 
from injected side was noted. Increase in 
tremor was most often unilateral, but in one 
man the tremor increased in both arms, but 
more so in the contralateral extremity. In- 
crease in tremor lasted only a minute or 2 
while focal twitches or adversive eye move- 
ments might continue several hours. The 
lower extremity was not involved in this in- 
creased activity even though tremor and rigi- 
dity were present. During this period the pa- 
tient was conscious. Rigidity and tremor 
were reduced after initial excitatory stage; 
the patient would exclaim about looseness of 
the contralateral upper limb. The arm was 
most often involved with less noticeable ef- 
fect in the leg. An increase in rapid alter- 
nating movements and range of movement 
accompanied this decrease in rigidity. Reduc- 
tion was most pronounced in forearm, wrist 
and fingers. Loss of rigidity occurred in 
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some instances without any motor weakness. 
Following a single injection, rigidity de- 
creased for several hours to days. Hoffman 
or Babinski sign was noted in several persons 
within a few minutes of injection. The re- 
flex change was not necessarily found in the 
extremity with reduction of rigidity or tremor. 
The reflex change lasted several hours or a 
few days when it disappeared but would then 
reappear with repeat injection. Parasympa- 
thetic stimulation occurred at time of injec- 
tion with increased sweating in contralateral 
arm or leg, and a rise in skin temperature. 
Nausea and vomiting occurred in only a few 
instances, for a short time. Two persons be- 
came unresponsive during the first few min- 
utes of injection. This was not associated 
with fall in blood pressure but there was a 
drenching sweat, and one person developed 
extrasystoles. Within 5 minutes both were 
awake and normal. Blood pressure, pulse and 
respirations rarely changed during injection. 

Oxyphenonium bromide. Rigidity was re- 
duced in 5 instances, tremor in 2, with no 
change in motor power. The sudoresis on op- 
posite side of body produced by intracerebral 
acetylcholine was blocked by _ intracere- 
bral injection of oxyphenonium bromide. A 
central facial paresis was noted after 1 in- 
jection, a Babinski reflex once. One man had 
difficulty opening his eyes after injection. One 
man became sleepy and exclaimed that his 
head had gone to sleep. Nausea and vomiting 
did not occur. Several persons complained of 
dryness of mouth 15-30 minutes after injec- 
tion, and a blotchy erythema occurred in one 
man. 

Discussion. Cushing(1) demonstrated 
parasympathetic stimulation of the hypothala- 
mus by intraventricular injections of pilo- 
carpine in man. MHenderson(2) produced 
similar parasympathetic responses following 
intraventricular injections of acetylcholine 
and eserine. Our report indicates. that para- 
sympathetic effects may occur on contralateral 
half of body after injection of a cholinergic 
drug into the region of globus pallidus. The 
site of this stimulation is not certain as dif- 
fusion into the adjacent internal capsule and/ 
or hypothalamus may occur. It is possible to 
block this response by intracerebral injection 


of oxyphenonium bromide into the same re- 
gion. Electrical and mechanical stimulation 
of the lateral wall of 3rd ventricle in man(3) 
and animals(4) may result in altered con- 
sciousness and cardiac arrhythmia. Two pa- 
tients reported here had an intense parasym- 
pathetic response, unconsciousness and car- 
diac arrhythmia, suggesting chemical stimula- 
tion of the hypothalamus. 

The mechanism of drug action on rigidity 
and tremor is not clear from these observa- 
tions. Alterations in vascularity in the in- 
jected region may be responsible. A purely 
mechanical effect caused by injecting a fluid 
seems unlikely in view of negative results 
with saline injections. Concentration of 
acetylcholine was high, and it is well known 
that changes in concentration of a drug may 
result in excitatory or depressive effects. It 
is possible that high concentration resulted in 
a block of nervous activity in the region of 
globus pallidus. Bailey(5) has demonstrated 
a blocking effect of procaine hydrochloride in 
frontal lobes of man, and Narabayshi(6) pos- 
tulated the blocking effect of procaine in the 
globus pallidus as responsible for reduction of 
tremor and rigidity in his cases of Parkin- 
sonism. 

Summary. A 10% solution of acetylcholine 
chloride injected into the globus pallidus of 
persons with Parkinsonism resulted in initial 
excitatory stage with increase in tremor and 
parasympathetic activation. Parasympathetic 
response was blocked by intracerebral injec- 
tion of an anticholinergic drug, oxyphenonium 
bromide. The exact mechanism of drug ac- 
tion is not known, although cholinergic sensi- 
tive regions appear to exist in or near the 
globus pallidus. 
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Although attempts have been made to iso- 
late intrinsic factor (IF) from hog mucosal 
extracts in pure form, no homogeneous prepa- 
rations have apparently been obtained(1). 
One of the principal difficulties has been the 
absence of a rapid im vitro assay for intrinsic 
factor activity. Miller and Hunter(2), re- 
ported that uptake of Vit. Bis by liver slices 
was stimulated by IF concentrates and sug- 
gested that it could be used as an assay for 
IF. This method was further developed by 
Herbert(3).  Miller(4) and Miller and 
Hunter(5) have also reported that IF con- 
centrates greatly increase the combination of 
Bi. with receptor substances prepared from 
serum and liver tissue and proposed that this 
reaction be employed as an assay for IF ac- 
tivity. Cellulose-ion exchangers described by 
Peterson and Sober(6) have been used _ suc- 
cessfully to isolate proteins of blood serum 
(7) and egg white(8). The cellulose cation- 
exchanger, carboxymethylcellulose (CM-cellu- 
lose), has been employed in the present study 
for isolating fractions from hog stomach mu- 
cosal extracts which had high activity for in- 
creasing the combining of Bis by the receptor 
substances of Miller and Hunter(5) in an in 
vitro assay.t These fractions have also been 
found to have activity for IF by the Schilling 
technic in humans. ; 

Methods. Starting materials with IF activ- 
ity were extracts of hog stomach. Both initial 
aqueous extract and dry concentrate prepared 
therefrom were employed (Wilson Labs., Chi- 
cago, Ill.). Dried concentrate was so pre- 
pared that 10 mg when combined with 10 pg 


* Published with approval of Director as Paper 
No. 937, Journal Series, Nebraska Agr. Exp. Station. 
This work was partially supported by research grants 
from Natl. Vit. Fn., Nutrition Fn., N.I.H. and Public 
Health Service. Materials (intrinsic factor concen- 
trates) were generously supplied by Wilson Labs. 

t Presented in part at 4th Internat. Congress of 
Biochem., Vienna, Austria. 


of Vit. By constitutes 1 U.S.P. (oral) unit. 
Material was prepared by dialysis against 
buffer of 0.1 M acetic acid titrated to desired 
pH with NH,OH. Insoluble precipitate was 
removed, washed and washings combined with 
supernatant. CM-cellulose, containing 0.6 
meq. of titratable acidity/g, was prepared by 
method of Peterson and Sober(6). Use of the 
exchanger was essentially similar to that pre- 
viously described for the fractionation of egg 
white(8). All fractionations were carried out 
at room temperature. Assays for IF activity 
on humans were done by the Schilling technic 
(9). In this assay preparations required in 
the least amount have highest activities. Re- 
sults of im vitro assays(5) are given in terms 
of radioactive counts/min/mg of preparation 
tested. The preparations which give highest 
counts have highest activities. Estimations 
of protein concentrations were routinely ob- 
tained by determination of absorbances at 
280 mp with a Beckman Model DU spectro- 
photometer. Sialic acid was determined by 
the method of Werner and Odin(10) except 
that sulfuric acid was employed rather than 
hydrochloric acid in the direct Ehrlich’s test. 
The sialic acid used for standard was prepared 
from egg white. It had properties similar to 
crystalline material prepared from Escherichia 
coli.+ Paper electrophoretic analyses were 
performed with horizontal strip apparatus 
using potassium phosphate, 0.1 », pH 6.9, as 
buffer. A constant current (350 volts; 8 mil- 
liamperes) was used for 18-24 hours. Moving 
boundary electrophoretic analyses were per- 
formed with American Instrument Co. porta- 
ble electrophoresis apparatus. 

Results. I. Preliminary fractionation. Ap- 
proximate conditions required for initial ad- 
sorption and elution of fractions with in vitro 
activity were initially established. 


+ This preparation of sialic acid was kindly sup- 
plied by Dr. Saul Roseman and Dr. D. G. Comb, 
Univ. of Michigan. 
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TABLE I. Fractionation of IF Concentrate on Carboxymethyleellulose. 


In vitro Total 
assay, count activity, 

cs" /min./mg count/min. 
Description Fraction Vol, ml pH of eluate Dry, mg x 108 Alyy 
Initial fractionation IF cone. 20,000 50 1,000 
A-1* 1200 3,960 111 438 
2 1450 3.9 1,885 90 170 
3 1115 5.0 780 344 268 
Refractionation 3 1064 744 344 256 
4 1380 3.9 230t 9 <2 
5 165 4.0 20t 50 <al 
6 50 4.0—4.4 37 2,622 97 
7 175 4.4 40 925 37 
8 68 4.4—4.6 58 672 39 
9 38t 4.6 46 457 21 
10 195 ~ 4.6—7.0 585t 48 28 
Starting extract 3,795 438 
Ist fractionation (A-2 and A-3) 2,665 438 
Material refractionated A-3 744 256 
Refractionation (A-6 to A-9) 181 194 


* A-1 was initial extract from IF concentrate. 1150 ml used for fractionation. 


+ Estimated from absorbance at 280 my. 


¢ Concentrated from 423 ml by adsorption at pH 4.0 on 3 g CM-cellulose and elution at pH 


9.0. 


Il. Principal fractionations. In experiment 
presented in Table I, 20 g of powdered con- 
centrate were fractionated. The soluble and 
dialyzed extract contained 20.8% of original 
dry weight and 43.8% of total original appar- 
ent activity. This extract (A-1) of dry con- 
centrate was mixed with 15 g of CM-cellulose 
at pH 3.9 and filtered and washed on a 
Buchner funnel. The combined filtrate and 
washings were the pH 3.9 fraction, (A-2). 
The exchanger cake was resuspended in buf- 
fer at pH 5.0, adjusted with NH,OH, then 
filtered. The cake was washed with pH 5.0 
buffer, combined eluate and washings (A-3) 
redialyzed at pH 3.9 and _ refractionated 
through a column of 3 g of CM-cellulose. 
Fractions A-4 to A-10, obtained by stepwise 
elution on a fraction collector, were dialyzed 
and activities determined by the in vitro 
method. As is apparent, the most active frac- 
tion emerged from the column between pH 
4.0 and 4.4 with decreasing amounts between 
pH 4.4 and 4.6. Three-fourths of the total 
activity put on column emerged in pH inter- 
val of 4.0 and 4.6 but less than a quarter of 
dry weight was in this fraction. 

In Table II, results are given of fractiona- 
tion of 40 g of dry concentrate. In this in- 
stance, the extract (B-1) was passed through 


40 g of CM-cellulose as a compacted cake on 
a Buchner funnel under slight vacuum. Frac- 
tions B-2 to B-11 were obtained by step-wise 
changes in eluting buffer. Approximately 100 
ml fractions were removed manually and ab- 
sorbance read at 280 mp. As in the previous 
fractionation, the activity peaked at pH range 
of 4.2 to 4.4 with decreasing amounts to pH 
5.0. In this fractionation, 95% of activity 
put on the exchanger was recovered in the pH 
4.1 to 5.0 interval but only 10% of dry weight. 
Five other fractionations were also carried 
out on various amounts of the dry concentrate 
(2 to 20 g). In complete agreement with 
above described runs, peaks of activity by in 
vitro assay were obtained between pH 4.1 and 
4.4 with decreasing amounts to pH 5.0. Spe- 
cific activity of peak fractions varied from 
7.5 X 10° to 2.01 X 10® counts/min/mg. Like- 
wise, approximately 75% of activity and 25% 
of solids placed on the column were recov- 
ered in fractions eluted from pH 4.1 to 5.0. 
III. Direct isolation from aqueous extract. 
Two fractionations were made starting with 
aqueous intrinsic factor extracts. The first 
fractionation of 300 ml of dialyzed extract was 
made on a 3 g column of CM-cellulose start- 
ing at pH 4.0 and eluting in a stepwise fash- 
ion. Again the active fraction by 7m vitro as- 
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TABLE II. Fractionation of IF Concentrate on Carboxymethyleellulose Employing Buchner 


Funnel. 
In vitro Total 
assay, count activity, 
/min./mg count/min. 
Fraction Vol, ml Elution pH Dry, mg <6 ee << 1108 
IF cone. 40,000 50 2,000 
B-1* 1700 11,000t 67 740 
2 1815 3.9 2,568 11 27 
~ & 350 3.9 252 40 10 
4 775 3.9-4.1 434 168 73 
5 350 4.1-4.2 147 272 40 
6t 995 4.24.4 239 1,201 287 
7 700 4.4 119 487 58 
8 48§ 4.4 87 368 21 
9 URSIN) 4.44.7 258 531 137 
s 10 1100 4.7-5.0 317 iylal 162 
11 1500 5.0-6.0 1,830 56 102 
Material on column 11,000 740 
2 eluted, pH 3.9-6.0 6,221 917 
ss ” 4,1-5.0 1,137 705 


* B-1 was initial extract from IF concentrate. 


+ Estimated from absorbance at 280 mu. 


{ Fractionation interrupted overnight after this fraction before the next fraction was ob- 


tained. 


§ Concentrated from 964 ml by adsorption on 4 g. CM-cellulose at pH 4 and elution at pH 9. 


say occurred between pH 4.0 and 4.5. Spe- 
cific activity at peak was 4.96 X 10° counts/ 
min/mg. A second isolation of intrinsic fac- 
tor was made from undialyzed extract. One 
1 of the extract was centrifuged to remove in- 
soluble precipitate and the supernatant was 
adjusted to pH 4.7 and passed through a com- 
pacted cake of CM-cellulose (50 g) on a 
Buchner funnel. The eluate was adjusted to 
pH 4.2 with 0.1 M acetic acid and water 
added to maintain the ionic strength of buffer. 
This was passed through a second 50 g cake 
of exchanger on Buchner funnel. After wash- 
ing exchanger cake with pH 4.2 buffer, the 
active fraction was eluted at pH 9.0. (Elution 
was done with buffer of high pH, to obtain a 
rapid elution of the protein). This eluate was 
refractionated as above with the exception 
that 12 g cakes of exchanger were used. The 
yield obtained was 148 mg. An in vitro as- 
say was not obtained on this sample (G-1); 
however, several human assays were _per- 
formed (Table III). 


IV. Comparison of activities by human 
and in vitro assays. A summary of results 
obtained in comparison of activities of differ- 
ent fractions by in vitro and human assays 
is given in Table III. The peak of activity 
by in vitro assay appeared at pH 4.3 to 4.4. 


However, most active preparations by Schill- 
ing assay were obtained at a slightly higher 
pH range, 4.4 to 4.6. 

V. Chemical and physical properties. Be- 


TABLE III. Comparison of Activities by In Vitro 
and Schilling Assay. 


Schilling* 
In vitro assay, assay 
pH of count/min./mg Dose, 
Fraction eluate S< alg? Active mg 
A-6 4,0—4.4 2,622 No 2.0 
7 4.4 925 Yes 56 
8 4.4-4.6 672 a 75 
9 4.6 457 ye 1.2 
B-9 4.44.7 531 ra 75 
B-9+ 10+ 4.4-5.0 521 Ares 
C-1 4.4-4.8 650 a .70 
D-1 4,1-4.4 1,250 No 60 
E-1 4,1-4.3 2,000 % -60 
E-2 4.3-4.5 1,000 Yes 56 
F-1 4,3-4.5 894 te 55 
G-1 4,.2—4.7 ‘i 1.0 


* An active fraction was that which gave at 
least half maximum urinary excretion of standard 
dose of radioactive B,.. The minimum amount to 
give this is believed to be approximately equivalent 
to daily oral dose for pernicious anemia patient in 
relapse (=1 U.S.P. unit). Dosage for the active 
samples as the lowest tested and may not be the 
minimum amount needed for activity. Likewise, 
dosage for the inactive samples was the maximum 
tested. Larger doses of these samples might show 
activity. Figures are actual weights of doses. 

+ An equal aliquot mixture of these 2 fractions. 
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cause of current interest in sialic acid and its 
presence in mucoprotein, analyses for sialic 
acid were run on preparations listed in Table 
III. Sialic acid contents varied from 2.2 to 
3.4% on dry weight basis. Paper electro- 
phoretic analyses of fractions A-6, A-7, and 
A-8 indicated the latter was essentially one 
component when run in phosphate 0.1 » pH 
6.9, while A-6 and A-7 gave one major com- 
ponent and only a trace of a second. A mov- 
ing boundary electrophoretic analysis was run 
on 0.5% solution of preparation E-2 in 0.1 M 
sodium acetate, pH 4.4 at 1°C for 21,300 sec. 
with potential gradient of 4.2 volt/cm. Under 
these conditions, only one component was 
evident and had a very low negative mobility. 
Both the electrophoretic analyses and the pH 
of elution from CM-cellulose indicate an ap- 
proximate pK (or isoelectric point) of pH 
4.5 for the material with intrinsic factor ac- 
tivity by the Schilling assay. 

Discussion. Replicate fractionations of dry 
intrinsic factor concentrates and of aqueous 
extracts under similar conditions have all 
yielded very active intrinsic factor prepara- 
tions. This reproducibility was unexpected 
in view of published report where DEAE-cel- 
lulose was employed(1). The reproducibility 
obtained in present studies was similar to 
that obtained when CM-cellulose was em- 
ployed to fractionate egg white(8). 

Further study is necessary for interpreta- 
tion of apparent difference in optimal pH for 
elution of activity, as determined by in vitro 
assay and human assay. This difference is 
so small (less than 0.2 pH unit) that more 
assays are necessary to prove or disprove 
heterogeneity. It is possible that the differ- 
ence is due to presence of an activator or in- 
hibitor in one fraction which affects one assay 
but not the other or that there are 2 sub- 
stances. These might differ, however, in only 
‘a very minor way such as presence of an ad- 


ditional acidic or basic group. A separation 
of a substance with 2 such closely related 
structures has been reported in ovalbumin 
from egg white. Ovalbumin A, and ovalbu- 
min Ag, which differ by one phosphate group, 
were separated on CM-cellulose at an interval 
of less than 0.2 of a pH unit(8). 


Summary. Extracts of hog stomach mu- 
cosa were fractionated on cellulose-cation ex- 
changer, carboxymethylcellulose. | Highest 
activity for increasing the combining of Vit. 
Bj with receptor substances of tissue was 
eluted between pH 4.2 and pH 4.4.” Highest 
activity for intrinsic factor by the Schilling 
technic was eluted between pH 4.4 and pH 
4.7. An approximate pK (or isoelectric 
point) of pH 4.5 was indicated for the ma- 
terial with intrinsic factor activity by the 
Schilling assay. These fractions contained 2 
to 3% sialic acid. 
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Responses of Swine to High Doses of Radiation. 


(24837) 


James N. SHiveLy, Howarp L. ANDREWS, Harotp P. MILLER, ALBERT R. WARNER, JR. 
AND WILBUR P. McNutty (Introduced by Falconer Smith) 
Walter Reed Army Inst. Res., Washington, D.C. and National Cancer Inst., N.I.H., Bethesda, Md. 


Small laboratory animals have been studied 
extensively at high radiation doses(1,2) and 
a few results with monkeys(1), dogs(3) and 
swine(4) have been reported. Because of 
some striking differences in response patterns 
of different species more data are desirable. 
Large animals having cross sections compar- 
able to that of man are of particular interest 
since similar depth dose distributions can be 
obtained. Laboratory studies at high doses 
have been limited by the requirement for high 
dose rate over a large field, so that exposure 
times will be short compared to survival times. 
With high intensity X-ray source available, 
high dose studies at reasonable rates became 
possible in mammals as large as swine, which 
have been utilized in this study. Jn addition 
to adding detailed information on another spe- 
cies, use of swine provided better data on high- 
dose incapacitation than is obtainable from 
smaller animals. 

Methods. Twenty-six cross-bred swine 3- 
to 4-months-old, weighing from 80 to 130 Ib, 
were used. Pre-irradiation hemograms and 
complete physical examinations were done on 
all swine, and all were in good health at time 
of irradiation. The X-ray source and cali- 
bration procedures have been described(2). 
Swine irradiations were done at 3.0 to 3.5 Mev 
constant potential beam having an HVL of 21 
cm in masonite phantom. With target-skin 
distance of 180 cm, dose rate in air at mid- 
swine position was 150 r/min. Special filters 
gave a radiation field flat to + 5% toa radius 
of 2% ft. which permitted simultaneous ex- 
posure to 4 swine. At highest doses, exposure 
times were an appreciable fraction of survival 
times calculated from the mid-point of irradi- 
ation. Behavior during irradiation was ob- 
served with a closed-circuit television system. 
After irradiation all animals were under con- 
stant observation until death. Blood samples 
were collected from anterior vena cavae for 
hematological studies by standard methods, 


Properdin titers of sera of some swine were 


determined.* Sections of stomach and intes- | 


tines were removed immediately after death 
and complete autopsies performed within 2 


hours. Tissues were examined grossly and 
microscopically. 
Results. At this dose rate the first sign of 


radiation injury was restlessness, starting at 
2000 to 2500 r and increasing with dose. At 


3500 to 4000 r (22 to 27 minutes) acute dis- — 


tress was evidenced by extreme salivation, 
mastication, retching and profuse emesis. Di- 
arrhea appeared at about 15,000 r. With 
exception of diarrhea, these manifestations 
ceased at 10,000 to 20,000 r and were fol- 


lowed by calm which progressed to a marked — 


depression. 

Although depressed, the swine recognized 
auditory and visual stimuli after 20.000 r 
(133 minutes) and were capable of responding 


to them. Depression continued to increase , 


with dose, however, and by 30,000 r (200 min- 
utes) all swine were prostrate. They did not 
respond to auditory, visual or dermal stimuli. 
The conjunctival reflex was absent and ataxia 
was evident when the swine attempted to rise. 
Transient central nervous system manifesta- 
tions appeared at 39,000 r (260 minutes) with 
convulsions and loss of equilibrium. 

Swine normally have a rectal temperature 
of 101.6 to 103.6°F, pulse 60 to 80/min and 
respiratory rate of 8 to 18/min. By 14,900 r 
mean values had reached 105.0 + 0.2°F, 169 
+ 26/min and 67 + 17/min. At this stage 
respirations were irregular with prolonged: ex- 
piratory phase. 
ingly rapid and shallow as dose progressed. 

At doses of 21,350 r and below, the swine 
were markedly depressed and moderately 
ataxic when exposure was terminated. Some 
presented diarrhea and vomiting. Of inter- 
est was their striking improvement from 1 to 


* Courtesy of Dept. of Serology, Walter Reed 
Army Inst, of Research. 


Respiration became increas- | 
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3 hours after exposure. Even though diarrhea 
and vomiting persisted, several ate, drank 
small amounts and foraged through the bed- 
ding. It appeared that at least simple, and 
probably more complicated, tasks could have 
been performed. This period of “well-being” 
persisted 10 to 48 hours in various animals, 
after which their condition deteriorated. 
Thereafter, death ensued within a few to 24 
hours. The 24,000 and 27,000 r groups pre- 
sented minimal recovery and were more like 
higher dose groups in their response. 

The highest dose swine (40,000 r) were 
completely incapacitated after exposure. 
Mean rectal temperature was 106.6 + 0.3°F, 
pulse rate 172 + 11/min, and respiration 84 
+ 23/min. They were prostrate and even 
when assisted could not stand. Nystagmus 
developed within an hour or 2 and pupillary 
response to light was considerably diminished. 
Transient seizures appeared from 10 minutes 
to 3 hours after completion of exposure. These 
progressed from transient episodes of clonic 
spasms of various muscle groups and false 
“running” movements to severe convulsions 
and opisthotonos. Pulse rate remained ap- 
proximately twice normal, respiratory rate 4 
to 5 times normal and temperature response 
varied throughout the group. The swine re- 
mained completely incapacitated. Death oc- 
curred during violent convulsions. The 34,000 
r group was similar in response. 

Fig. 1 presents mean survival time by dose 
group. Standard errors are indicated. The 
wide limits at 16,000 r and at 21,350 r result 
from a definite “split” in survival time, 7.e., 
these swine either died in less than 20 hours 
or survived more than 70 hours. Individual 
survival times at these doses are given in 
Figo: 

Mean leukocyte responses are presented in 
Fig. 2. For clarity in the Figure, responses 

FIG. 1. Survival times of swine exposed to var- 
ious supralethal doses of X-radiation. Mean and 
stand. error of mean are indicated for each dose. 
Individual points plotted for 2 doses due to defi- 
nite ‘‘split’’ in survival times. 

FIG. 2. Circulating leukocyte response of supra- 
lethally irradiated swine at various times after ex- 
posure. Plotted points are mean percents of mean 
pre-irradiation values. 

FIG. 3. Blood platelet response in swine at var- 


ious times after supralethal irradiation. Points are 
mean percents of pre-irradiation mean values, 
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at 16,000 r and at 34,000 r are omitted since 
they closely resembled those at 14,900 r and 
27,000 r respectively. In all, swine lympho- 
cytes were drastically reduced on first post- 
irradiation sample and were at minimal levels 
by the 12-hour sampling. The relative propor- 
tion of segmented neutrophils was increased 
immediately after irradiation as was the abso- 
lute count. This rapidly changed to a pre- 
dominance of band forms. Myelocytes and 
metamyelocytes were present immediately 
after irradiation and persisted about 36 hours 
or until death. In many swine normoblasts 
were present immediately post-irradiation. 
Though decreased in numbers these persisted 
for as long as 12 hours. After about 36 hours, 
eosinophils became the predominant cell type. 
Many of these were eosinophilic metamyelo- 
cytes. In some swine toxic granulation of 
neutrophils appeared as early as 26 hours. 
Those swine surviving more than 70 hours 
presented a profusion of basket cells prior to 
death. 

Mean blood platelet responses are presented 
in Fig. 3. As in Fig. 2 16,000 r and 34,000 
r groups are omitted. 

Erythrocyte counts of only the 14,900 r 
group decreased at 36 hours post-irradiation 
(16,000 r unsatisfactory). Mean corpuscular 
volume, mean corpuscular hemoglobin and 
mean corpuscular hemoglobin concentration 
values were not significantly different after ir- 
radiation. Before irradiation erythrocyte fra- 
gility values were 0.608 + 0.0058 and 0.433 
+ 0.0042 for partial and complete hemolysis 
respectively. At all times after irradiation 
the 34,000 r swine (40,000 r not done) pre- 
sented significantly increased fragility. Mean 
value for partial hemolysis was at least 0.690 
(endpoint missed in some samples) and was 
0.493 + 0.0053 for complete hemolysis. By 
8 hours after 27,000 r respective mean values 
for partial and complete hemolysis were at 
least 0.651 (end-point missed) and 0.461 ++ 
0.0126. This increased fragility persisted un- 
til death. Other dose groups did not present 
significantly altered erythrocyte fragility. In 
view of exposure time reticulocyte (proeryth- 
rocyte) values are considered for only the 3 
lower dose groups. Based on mid-point of 


sampling interval, these disappeared at 24. 


hours in the 21,350 r and the 16,000 r groups 
and were absent by 34 hours in the 14,900 r 
group. 

Hematocrit levels decreased after irradia- 
tion although the changes were not statisti- 
cally significant. In most cases terminal sam- 
ples presented hematocrit values much higher 
than normal. The uncorrected erythrocyte 
sedimentation rate increased drastically and 
continuously from 24 hours after irradiation 
until death. Not infrequently these values 
were in the range of 45 to 55 mm. 

The properdin response in blood serum in 
the 14,900 r, 24,000 r, 27,000 r and 34,000 r 
groups was characterized by mean decrease of 
32% from 12 hours onward. If all samples 
on all swine for 12 hours and more after ir- 
radiation are combined, a mean of 4.8 units/ 
ml, as compared with pre-irradiation mean of 
7.1 units/ml, results. This difference is sta- 
tistically highly significant (p = 0.005). 

Discussion. Although the numbers of swine 
are not large, these data suggest an abrupt 
survival time transition as in the guinea pig 
or mouse, rather than the smooth semi-log re- 
sponse of rat and hamster. This is borne out 
by the shift from depression to convulsions 
and to some extent by blood data. The abrupt 
transition in mean survival time between the 
21,350 r and 24,000 r groups with an exponen- 
tial relationship at doses above the transition 
zone undoubtedly reflects a different mode of 
death. Although occurring at a point inter- 
mediate between those for guinea pig (6 Kr) 
and mouse (43 Kr), it is unlikely that the phe- 
nomenon is different. 

The lower dose rate can probably be con- 
sidered as responsible for only slight evidence 
of Langham e¢ al.’s acute ataxic phase(1). 
Their lethargic, hyperactive and terminal 
phases were in evidence. Even more similar 
was the clinical response of guinea pigs(5,6). 
At doses above 30,000 r, swine remained com- 
pletely incapacitated throughout the brief 
post-irradiation period. It appeared that the 
minimal recovery at 24,000 r and 27,000 r 
would not have allowed performance of other 
than the most basic tasks, if any. Following 
a period of 1 to 3 hours after irradiation, swine 
receiving lower doses presented dramatic re- 
covery and undoubtedly could have func- 
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tioned with only partial impairment until 10 
to 48 hours after irradiation. During expos- 
ure, accumulation of about 4,000 r greatly im- 
paired function as a result of nausea and se- 
vere emesis. 

These and previously cited data emphasize 
the differences in species and leave the re- 
sponse of man unknown. It may be of sig- 
nificance that in Japan there was no mention 
of an excitatory phase but depression was of 
common occurrence. Practically, it may 
make little difference, for radiation depressed 
humans may be able to function for varying 
periods because of cerebral motivation ques- 
tionably present in animals. Further, man 
may be reasonably functional between con- 
vulsions. Thus, evaluation of incapacitation 
in these swine may not be indicative of that 
occurring in heavily irradiated human popu- 
lation. 

At this dose rate granulocytosis was not ob- 
served immediately post-irradiation. Tran- 
sient leukocyte recovery at lower doses was 
undoubtedly due to release of immature forms 
into the circulating blood. The presence of 
numerous basket cells by the third day sug- 
gests that destruction of the mechanism for 
removal of damaged neutrophils may occur at 
doses lower than previously reported(1). 

Platelet counts start to decline about the 
third or fourth day after mid-lethal range ir- 
radiation. Since decreases were initiated 
much earlier in these swine, damage to plate- 
let forming and release mechanisms must have 
been more profound. These responses sug- 
gest dose dependency. 

Increased fragility of erythrocytes in the 
27,000 and the 34,000 r swine demonstrates a 
decreased resistance to hemolysis after mas- 
sive doses of irradiation. Osmotic fragility of 
young mature human erythrocytes is less than 
that of older cells(7). Even if the same is 
true for swine, it is difficult to conclude that 
the cell population studied was so largely 
composed of older erythrocytes since in- 
creased fragility was present soon after irradi- 
ation. It seems unlikely that increased fra- 


gility can be attributed toa greater radiation 
susceptibility of younger erythrocytes; thus, 
the mechanism remains in doubt. The slight 
decrease in hematocrit may be indicative of 
erythrocyte destruction. The terminal increase 
in hematocrit was undoubtedly due to hemo- 
concentration. 


Significance of the properdin system in the 
response to mid-lethal irradiation remains in 
doubt(8,9). In swine reported herein, a de- 
crease occurred earlier than for mid-lethal 
irradiation in other species, but did not con- 
tinue. Relation to survival time could not be 
demonstrated. The significance of the decline 
is difficult to assess. 

The gross and microscopic pathological 
changes will be reported elsewhere. 

Summary. Although time and dose rela- 
tionships were different, the response of swine 
to high doses of radiation was similar to that 
of guinea pigs and mice. For practical pur- . 
poses, at doses of 24,000 r and above, incapa- 
citation was complete in these swine. It is 
conceivable that if these animals possessed 
cerebral motivation similar to that in man, 
capabilities might have been greater. At 
lower doses a striking recovery occurred with- 
in 1 to 3 hours after exposure. 
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Proteolytic activity of rattlesnake venom 
on gelatin layer of photographic film is acti- 
vated by mammalian serum and its ash(1). 
Attempts to achieve the same degree of acti- 
vation by specific inorganic substance were 
previously unsuccessful, although salts con- 
taining phosphate ion brought about partial 
activation. In the present work the bicarbo- 
nate ion in concentration approximating that 
in mammalian serum had the same activating 
effect as whole serum on rattlesnake venom 
gelatinase. This ion also reverses the effect 
of chelating agents on both water moccasin 
and rattlesnake venom gelatinases and _ in- 
creases proteolytic activity of these venoms on 
urea denatured hemoglobin. 

Materials and methods. Venoms of the 
water moccasin (Agkistrodon piscivorus and 
Eastern diamond back rattlesnake (Crotalus 
adamanteus) were purchased from Ross Al- 
len’s Reptile Inst. in dry powdered form. They 
were dissolved in 0.9% sodium chloride solu- 
tion and kept in frozen state until immediately 
before use. Inorganic compounds and chelat- 
ing agents were of analytical reagent grade. 
Solutions of sodium bicarbonate were pre- 
pared initially in 0.02N concentration and pH 
adjusted to 7.4 with hydrochloric acid. The 
photographic film was Eastman’s Kodak veri- 
chrome panchromatic. Urea denatured he- 
moglobin was prepared using modification of 
method by Anson(2). After urea and sodium 
hydroxide had been added to the dialyzed beef 
erythrocytes, the mixture was allowed to stand 
for one hour at room temperature, then dia- 
lyzed 24 hours against running tap water and 
another 24 hours against several baths of dis- 
tilled water. Dialysis removed all urea and 
brought the pH from 12.0 to 7.7. Some of 
the hemoglobin precipitated, but enough re- 
mained in solution to maintain a concentra- 
tion of 0.8 g%. Enough sodium chloride was 


* Supported by U.S.P.H.S. Grant. 
t Now at Cary Memorial Hospital, Caribou, Me. 


added to this solution to bring the concentra- 
tion to 0.9% and hydrochloric acid was then 
added to bring the pH to 6.8. Sodium bicar- 
bonate, disodium phosphate, and sodium tet- 
raborate (borax) were then added to aliquots 
of this material as indicated in Table II 
(0.02N concentration) and pH of all solutions 
was adjusted to 7.4 + 0.1 by addition of HCl. 
Sodium hydroxide was added to a fourth ali- 
quot of hemoglobin (pH 6.8) to bring the pH 
to 7.4. The digestion of gelatin layer of pho- 
tographic film was carried out by method pre- 
viously described(1). Doubling dilutions of 
the venom were prepared in 0.1 ml quantity 
with and without various activators and in- 
hibitors in 0.1 ml quantity in concentrations 
shown in Table I. Two-hundredths (0.02) 
ml of each solution was placed on % inch 
strips of film, and after 1 hour incubation at 
37°C, the film strips were rinsed in gently 
flowing tap water. Figures in Table I repre- 
sent smallest amount of venom in pg required 
to completely remove gelatin from the nitro- 
cellulose base of film. Although there is an 
analytical error of 50 to 100%, activation of 
2500% is reported. Variations of 100% or 
less, such as slight decrease in activity of 
moccasin venom by DHEG (line 11, Table I) 
are not considered significant. Digestion of 
hemoglobin was carried out by the method of 
Anson(2). Venom solutions with various an- 
ions were added to urea denatured hemoglobin 
and incubation carried out at 37°C for 15 
minutes. The amount of tyrosine liberated 
was determined by use of Folin-Ciocalteau re- 
agent. Disodium phosphate, sodium bicarbo- 
nate, and sodium tetraborate have a buffering 
action at pH 7.4 and of these sodium tetra- 
borate is the most effective. The hemoglobin 
also has some buffering effect. Water mocca- 
sin venom toxicity studies were carried out in 
mice by mixing maximum tolerated dose of 
various inhibitors with 2-3 LDso’s of venom 
and inoculating with these solutions intra- 
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TABLE I. Effect of Various Substances on 
Amount of Venom Required for Liquefaction of 
Gelatin on Film. 


Venom 
Water Rattle- 
moceasin® snake* 
Saline control (pH 7.4 with 2 25 
Na,B,0;) 
Substances addedt 

Human serum al 1 

Acid ash 25 

NaHCoO; (.02 M, pH 7.4 with 1 1 
HCl) 

Acidified NaHCO, 25 

Na, HPO, (.02 M, pH 7.4 with 6 
HCl) 

Penicillamine (.6-1.0%, pH 7.4 50 100 
with NaOH) 

Penicillamine (.6-1.0%, pH 7.4 2 12 
with NaHCO,) 

EDTA (2.5 X 10° M, pH 7.4 39 67 
with NaOH) 

EDTA (2.5 X 10° M, pH 7.4 8 17 
with NaHCO;) , 

DHEG (.1M,pH7.4 with NaOH) 4 25 


* ug of venom in .02 ml required to remove gela- 
tin trom film in 1 hr at 37°C and 100% moisture. 

+ .1 ml of activators and inhibitors in concentra- 
tions listed plus .1 ml of venom dilutions in .9% 
sodium chloride sol. 
peritoneally. The effect of these inhibitors on 
rattlesnake venom was determined by inocu- 
lating with the chelating agent intraperitone- 
ally prior to inoculation with the venom. Ob- 
servations on mortality were made for 48 
hours. Acid ash of human serum was pre- 
pared by bringing the pH of an aqueous solu- 
tion of ash to 1.5 with hydrochloric acid, boil- 
ing, and readjusting pH to 7.4 with sodium 
hydroxide. A solution of sodium bicarbonate 
initially .02N concentration was acidified in 
like manner with hydrochloric acid and re- 
stored to pH 7.4 with sodium hydroxide. 

Results. Rattlesnake and water moccasin 


venom gelatinases in unbuffered saline are not 
affected by pH changes within range of 5 to 8. 
Sodium tetraborate has no effect on activity 
of these enzymes and is therefore the com- 
pound used to adjust the pH of saline controls 
to 7.4. 


As shown in line 1 of Table I, 25 pg of rat- 
tlesnake venom in borax buffered saline are 
required to liquefy gelatin whereas only 1 pg 
is required if sodium bicarbonate is added. 
This 25-fold activation is equal to that of 
human serum and its ash and is 4 times 
greater than that of sodium phosphate. Acid 
ash of human serum and acidified sodium bi- 
carbonate have no activating action (Table 
I). Ethylenediamine-tetraacetic acid (EDTA) 
and penicillamine are effective inhibitors of 
water moccasin venom gelatinase when the pH 
of these compounds is brought to 7.4 with so- 
dium hydroxide. When sodium bicarbonate 
is used to adjust the pH, the inhibitory action 
of these compounds is diminished. Similar 
results were obtained using these chelating 
agents on rattlesnake venom although the in- 
hibitory effect of EDTA is slight. The 
iron chelating agent dihydroxyethyglycine 
(DHEG) has no significant effect on venom 
proteolysis at pH 7.4 


When urea denatured hemoglobin is used as 
substrate (Table II), 1 mg of water moccasin 
venom without sodium bicarbonate will liber- 
ate 3.8-4.0 millimoles of tyrosine X 10-4 in 15 
minutes at 37°C and with bicarbonate the 
amount is increased to 6.4 mM X 10+, an in- 
crease of 70%. Two mg of rattlesnake venom 
liberate 0.9 to 1.0 mM of tyrosine X 10+ in 
the absence of sodium bicarbonate and 2 mM 
X 10-* with bicarbonate, an increase of 100%. 


EDTA inhibits water moccasin venom pro- 


TABLE Il. Effects of Various Inorganic Compounds on Digestion of Hemoglobin* by Pit 
Viper Venom. 


a Venom LG Tyrosine liberated —————_, 
Water moccasin, Rattlesnake, Na.B,0,§ 
mgt mgt NaHCO,§ NaHPO,§ .10 H,O NaOH || 
1 6.4 3.9 4.0 3.8 
1+ EDTA (pH 7.4 with NaOH) 2.4 1.6 1.6 1.6 
1+ EDTA] (pH 7.4 with NaHCO,) : a F a ie 


* 5 ec of .8 g % in physiological saline. 
of tyrosine X 10*/15 min. at 37°C. 
|| Added to all solutions to bring pH to 7.4. 


t Quantity contained in 1 ce. 
§ Solution originally .02 N adjusted to pH 7.4 with HCl. 
q .9 ml of 10° m cone. 


¢t Millimoles 


80 ACTIVATION VENOM PROTEASES 


' 


teolysis of urea denatured hemoglobin as it 
did the liquefaction of gelatin. Sodium bi- 
carbonate in presence of this compound in- 
creases tyrosine liberated from 1.6 to 2.4 mM 
X 10-4, which is an increase of 50%. EDTA 
brought to pH 7.4 with sodium bicarbonate 
is at least as active an inhibitor as when so- 
dium hydroxide is used to adjust the pH. 
Activity of either rattlesnake or water moc- 
casin venom proteases on denatured hemo- 
globin is approximately the same in presence 
of either sodium borate, sodium phosphate, or 
sodium hydroxide when the pH of these solu- 
tions is adjusted to 7.4. Although penicilla- 
mine and EDTA effectively inhibit the proteo- 
lytic action of these venoms, they have no 
significant effect on toxicity of these venoms 
in mice. 

Discussion. Results reported herewith in- 
dicate strongly that activation of venom pro- 
teases and reversal of chelating effects by 
mammalian serum and its ash are due largely 
to their content of bicarbonate ions. Salts of 
calcium, magnesium, manganese, cobalt, po- 
tassium, ammonium, lithium, iron and copper 
fail to bring about activation of rattlesnake 
venom in the absence of bicarbonate ion. 
Deutsch and Diniz(3), who previously de- 
scribed the action of EDTA on venom pro- 
teases, report that inhibition is not reversed by 
the chlorides of strontium, cobalt, barium, 
manganese, cadmium, magnesium, zinc, and 
calcium and nitrates of copper and cobalt in 
a concentration of 1 X 10? M. 


The possibility of a contaminant being re- 
sponsible for activation has been considered 
although only analytical reagent grade chemi- 
cals were used. Inactivity of acid ash and 
acidified sodium bicarbonate, however, is 
strong evidence for participation of the bi- 
carbonate ion. Total ionic strength, pH, and 
temperature of all reactions have been care- 
fully controlled. 


Activity of EDTA and penicillamine still 
points in the direction of a cation necessary 
for venom proteolysis. Reversal of this effect 
by the bicarbonate ion may be due to indirect 
inhibition of ability of these compounds to 
chelate a metallic ion. A close correlation be- 
tween inhibition of venom proteases and 
venom toxicity in mice by various serum 
preparations has been reported(1). The re- 
versal effect of sodium bicarbonate may ex- 
plain why EDTA and penicillamine are effec- 
tive proteases inhibitors but ineffective in pre- 
venting the lethal effects of the venom in mice. 

When fully activated, water moccasin 
venom is only 6 times as effective as rattle- 
snake venom on urea denatured hemoglobin 
with urea removed by dialysis. In previously 
reported work(1,3) using the same substrate 
in presence of urea, water moccasin venom 
was 30 times more effective than rattlesnake 
venom. They may point to a more rapid de- 
naturation of rattlesnake venom than of water 
moccasin venom by urea. 

Summary. 1. The bicarbonate ion increases 
proteolytic activity of rattlesnake venom on 
gelatin layer of photographic film and of both 
rattlesnake and water moccasin venom on 
urea denatured hemoglobin with urea re- 
moved. 2. The bicarbonate ion also interferes 
with inhibition of these proteases by EDTA 
and penicillamine. 3. EDTA and penicilla- 
mine have no significant effect on mouse tox- 
icity of these venoms possibly because of bi- 
carbonate content of body fluids. 


The author is grateful to Drs. H. F. Deutsch, John 


L. Wood, E. Foster Williams, and John Rukavina for - 


useful suggestions and criticisms. 
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In animals such as cow or goat, in which 
daily milk production has been measured 
quantitatively, milk yields reach a peak soon 
after parturition and then gradually decline. 
Lactation can be extended beyond the usual 
milking or weaning period, but level of milk 
production continues to decline. This is ap- 
parently due to decrease in secretion of hor- 
mones which stimulate lactation, as demon- 
strated for prolactin in the rabbit(1), and to 
progressive involution of mammary secretory 
tissue(2). Selye and McKeown(3) demon- 
strated that lactation could be prolonged in 8 
postpartum mice by providing them with fresh 
litters at frequent intervals, but noted involu- 
tionary changes in mammary glands after 
about 30 days and inability to nourish the 
young after 2 months. The rat normally lac- 
tates about 3 weeks after parturition since 
the young are weaned at this time. It was of 
interest to determine whether lactation could 
be prolonged in this species by providing them 
with fresh litters every 10 days, and to ob- 
serve effects on mammary involution and milk 
yields as judged by litter weight gain. 

Methods. Eight mature female albino Car- 
worth rats and 8 mature female Long-Evans 
rats were used. Since no significant differences 
in lactation were observed in these 2 strains, 
as judged by litter weight gains, they may be 
_ considered as a single population in this ex- 
periment. Rats were bred, placed in individ- 
ual cages, and on day of parturition their lit- 
ters were standardized to 6 pups/dam. The 
litters were weighed daily and the dams 
weighed every 10th day. Every 10 days lit- 
ters were replaced with equal number of 4- 
day-old foster pups. In a few cases after 
50th day of lactation, it was necessary to re- 
place litters between 9th-14th day, instead of 
10th day after previous litter exchange, since 
some of the 6 young died or new litters were 

* Published with approval of Mich. Agr. Exp. Sta. 
as Jour. Art. No. 2396. 

+ This work supported in part by NIH Grant to 
J. Meites. 


not immediately available. Daily weight gains 
of litters were averaged for each 10-day inter- 
val of lactation. Three rats were killed every 
10 days starting on 30th day after parturition, 
to remove mammary glands for gross and his- 
tological examination. The 4 remaining rats 
were killed on 70th day. Litters were with- 
drawn from each rat 4 hours prior to autopsy 
to standardize secretory activity in the alve- 
oli, and right inguinal mammary glands were 
removed. 

Results. By 3rd 10-day interval after 
parturition the average daily milk yield, as 
judged by litter weight gains, declined to ap- 
proximately two-thirds of that observed dur- 
ing Ist 10-day period. Average daily weight 
gain/litter was 9.6 + 1.3 g during Ist 10 
days and declined to 6.3 + 1.3 g by 3rd 10- 
day interval. Thereafter no further decline 
was observed throughout remaining 40-day in- 
terval (Fig. 1). The dams gained in body 
weight during 70 days of experiment, averag- 
ing 262 + 4 g on day of parturition and 311 
+ 4.6 g on 70th day of lactation. This sug- 
gests that continued milking did not adversely 
affect the rats and may have stimulated body 
growth. 

Degree of mammary involution observed 
was relatively slight in most animals during 
the 70-day period of lactation. Glands of one 
of the rats killed at end of 30 days lactation, 
showed severe alveolar degeneration while 
glands of 4 rats which had lactated for 70 


AVERAGE DAILY 
WEIGHT GAINS OP” 


LITTERS IN GM,° 


10 DAY INTERVALS AFTER PARTURITION, 


FIG. 1. Avg daily wt gains of litters during suc- 
cessive 10-day intervals. Range represents stand. 
error. 
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FIG, 2-5. Mammary see 


tions from lactating rats at (2) 4 days, (3) 30 days, 


(4) 50 days, (5) 


70 days. X 63. (Photographs by C. R. Replogle.) 


days, showed only slight regressive changes. 
A few extruded epithelial cells were present 
in the alveolar lumina of all glands examined. 
Since most rats showed good preservation 
of the lobule-alveolar system, mammary invo- 
lution was probably not the primary factor 
responsible for decline in milk yield. Figs. 2- 
5 show histological sections of the mammary 
glands of rats on days 30, 50, and 70 after 
parturition, as compared with section taken 
from rat on 4th day after parturition. 

Discussion. Milk secretion was success- 
fully maintained in these rats for 70 days 
after parturition by regular replacement with 
fresh litters. Decrease in milk production in 
these rats may be due to diminished secretion 
of galactopoietic hormones or a decline in se- 
cretory capacity of alveolar cells or both. 
However, total secretory tissue present during 
each 10-day period could not be measured and 
may have been reduced in amount. 

Recent investigations by Meites and Nicoll 
(unpublished) + have shown that secretion can 
be maintained for as long as 75 days after lit- 
ter removal in postpartum rats, by injecting a 
combination of prolactin, oxytocin and corti- 
sol. Secretory activity progressively declined, 
however, and mammary tissue exhibited grad- 
ual involution during the 75-day period. Mam- 
mary glands of suckled rats in this experiment 
were much better preserved than in non-suck- 
led, hormone treated rats, probably due 
mainly to removal of milk, reducing pressure 
in glands, and possibly also to release of hor- 
mones other than prolactin, oxytocin and cor- 
tisol by the milking stimulus. 


t Fed. Proc., 1959, v18, 103. 


Bruce(4) recently reported that lactation 
was prolonged in 3 rats for 9-12 months by 
frequent litter replacement, and that the lit- 
ters continued to gain at about the same rate 
throughout experiment. The latter finding is 
not in acord with our results, nor with those 
of Selye and McKeown(3) in mice. It and 
the present study show, however, that provid- 
ing rats with fresh litters can greatly extend 
lactation after parturition. It is believed that 
litter replacement technic will prove useful 
for investigations concerned with long term 
maintenance of lactation and mammary integ- 
rity in the rat. 


Summary. Lactation was prolonged in 16 
rats up to 70 days after parturition by provid- 
ing them with fresh litters every 10 days. Milk 
production, as judged by litter weight gains, 
declined about 1% after first 20 days and con- 
tinued at this level for the remainder of 70- 
day period. The lobule-alveolar system of 
most rats showed little or no evidence of in- 
volution during entire period. This suggests - 
that the decline in milk yield was due either 
to decrease in secretion of galactopoietic hor- 
mones or to reduction in secretory capacity 
of alveolar cells, or both. 


1. Meites, J., Turner, C. W., Endocrinology, 1942, 
v31, 340. 

2. Turner, C. W., in Sex and Internal Secretions 
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Baltimore, 1939. 
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Serotonin (5-hydroxytryptamine) has been 
studied in connection with many physiologic 
and disease states, and because patients with 
carcinoid tumor frequently have acquired 
valvular lesions of heart(1) there has been 
great interest in morphologic changes caused 
by this compound. Prolonged administration 
of 5-hydroxytryptamine or 5-hydroxytrypto- 
phane to experimental animals has resulted in 
tubular and cortical necrosis of kidneys(2), 
dermal fibrosis at injection sites(3), gastric 
mucosal erosions(4), necrosis of tip of tail 
and of digits, and lenticular opacities(3). 
There has been no report of morphologic 
changes in human or animal liver induced by 
serotonin. With the aid of autoradiographic 
technic, it has recently been found that in 
young rats, administration of large doses of 
serotonin resulted in increased formation of 
hepatic parenchymal cells, accompanied by 
minor histological changes. This communica- 
tion reports these observations. 


Materials and methods. Thirty-eight male 
Sprague Dawley rats? weighing 90 to 245 g 
were maintained on diet of Purina lab chow 
and water, and housed in individual cages in 
air-conditioned room. Twenty-five of the ani- 
mals were given a single subcutaneous injec- 
tion of serotonin creatinine sulphate$ in 3 ml 
- isotonic saline, the doses ranging 0.009 to 62.8 
mg/kg body weight (Table I). Twenty-four 
hours later, 1 millicurie tritiated thymidine] / 
kg was administered by single intraperitoneal 
injection(5), and after another 4 hours, the 


* Aided by grants from U.S.P.H.S. and Am. Heart 
Assn. 

t Advanced Research Fellow, Am. Heart Assn. 

t Purchased from Charles River Breeding Labs., 
Cambridge, Mass. 

§ Supplied by Dr. George Berryman, Abbott Labs. 
Dosage is expressed in terms of serotonin creatinine 
sulphate compound. 

|| Schwarz Laboratories, Mount Vernon, N. Y. 
Specific activity, 0.360 curie/millimole. 


rats were killed by decapitation. Thirteen 
control rats, all litter mates of experimental 
animals (Table I), were treated in the same 
way, except that serotonin was replaced by 
injection of saline. Serotonin and saline in- 
jections were performed at same times. The 
organs were sliced and fixed in cold 10% neu- 
tral buffered formalin or in Zenker’s solution. 
After fixing for 24 hours, tissues were washed 
in running tap water for another 24 hours and 
then dehydrated, cleared and imbedded in 
paraffin. Sections of 6-8 » thickness were pre- 
pared and stained as follows: Feulgen’s 
method for desoxyribonucleic acid (DNA), 
methyl green-pyronin for ribonucleic. acid 
(RNA), hematoxylin and eosin, phloxine me- 
thylene blue, periodic acid Schiff’s reagent 
(PAS), diazo coupling reaction for alkaline 
phosphatase, and Oil Red O stain for neutral 
fat. For autoradiography, fine grain strip- 
ping film{ was applied over unstained sections 
and over sections stained with hematoxylin or 
by Feulgen’s method(5). The preparations 
were exposed in a light-tight box at 10°C for 
3 to 4 weeks. Slides were developed in Kodak 
D-19 Developer 7 minutes, fixed in Kodak 
Acid Fixer 10 minutes, washed in cool run- 
ning tap water one hour, and mounted in poly- 
vinylpyrrolidone (PVP).** For histochemi- 
cal studies, slices of liver were frozen and 
dried at time of autopsy, using Freed Tissue 
Dryer, and frozen sections were also cut from 
formalin fixed tissues. Estimation of mitotic 
activity and number of hepatic cell nuclei 
bearing the label was carried out as follows: 
for each liver the total number of hepatic cells 
present in 400 X field was determined in sec- 
tions stained with hematoxylin and eosin. 
Fifty consecutive 400 X fields were then 
searched for mitotic figures and results ex- 
pressed/100,000 hepatic cells. In autoradio- 


{| Kodak Ltd., London; film AR.10. 
** Antara Chemical Co., N. Y. 


84 SEROTONIN AND LIVER REGENERATION 


TABLE I. Autoradiographie and Mitotic Observa- 

tions in Livers of Rats Weighing Less Than 115 ¢ 

and Given Single Subeutaneous Injection of Sero- 
tonin Creatinine Sulphate (SCS). 


Labelled 


Age, DoseSCS, hepatic Hepatic 
Wt, g days mg/kg nuclei* mitoses t 
7 control rats given saline (avg of determinations) 
102 36 0 565.7 16.6 
10 rats given serotonin 
111 36 009 581 10 
110 36 09 663 7 
111 36 09 153 4 
100 36 1.0 617 5 
100 38 2.0 473 27 
Avg 497.4 10.6 
107 38 45.0 1,057 42 
106 38 47.3 1,090 132 
101 38 48.0 1,740 96 
97 38 49.5 3,065 495 
90 31 62.8 648 72 
Avg 1,520.0 167.4 


* No. of tritium labelled hepatic cell nuclei in 
autoradiographs, expressed/100,000 hepatie cell nu- 
pe No. of hepatie cells in mitosis in hematoxylin 
and eosin sections, expressed/100,000 hepatic cell 
nuclei. 
graphs, number of labelled liver cell nuclei 
present in 100 consecutive 400 X fields was 
counted, and results expressed/100,000 he- 
patic nuclei. In 7 additional male Sprague- 
Dawley rats weighing 73 to 98 g, the central 
lobe of liver was removed under ether anes- 
thesia. Forty-one hours later 1 millicurie of 
P?/kg body weight was injected by intraperi- 
toneal route. Partial hepatectomy was per- 
formed to assure adequate incorporation of 
P*? into nucleic acids of the liver(6,7). Thir- 
teen days later 4 rats were given a single intra- 
peritoneal injection of 40 mg/kg serotonin 
creatinine sulphate, while the 3 other animals 
received an injection of saline alone. All 7 
rats were killed 24 hours later and the liver 
homogenized(8). Nucleic acid phosphorus 
was estimated by method of Schneider(9) and 
radioactivity of a dried aliquot was deter- 
mined in a window G.M. counter. Specific 
activity of nucleic acid phosphorus was ex- 
pressed as “biological concentration coeffi- 
cient,” i.e., counts/minute/millimole of phos- 
phorus as percent of counts/minute injected/ 
gram of body weight(10). All determinations 
were performed in duplicate. 


Results. The results obtained differed de- 


pending on weight of animals. Five rats 
weighing less than 115 g and treated with 40 
mg/kg or more of serotonin creatinine sul- 
phate exhibited increase in number of both 
hepatic cell nuclei bearing the label and mi- 
totic figures as compared with control rats 
given only saline (Table I, Figs. 1-3). Ina 
similar group of 5 rats that received smaller 
doses of serotonin (0.009-2.0 mg/kg), no such 
difference was observed (Table I). In 15 rats 
weighing more than 115 g, a statistically sig- 
nificant increase in number of labelled cell nu- 
clei and of mitotic figures could not be demon- 
strated, even though doses of serotonin ex- 
ceeded 40 mg/kg. 


The increase in labelling appeared to affect 
only hepatic parenchymal cells; nuclei of bile 
duct epithelium, of endothelial cells and of 
Kuppfer cells were labelled to the same extent 
in livers of treated and control animals. In 
rats receiving large doses of serotonin (Table 
I), histologic sections stained with hematoxy- 
lin and eosin or with phloxine methylene blue 
exhibited intact liver cells, but slight disor- 
ganization of architecture and slight clump- 
ing of cytoplasm was demonstrable. In no 
instance, however, was frank hepatic cell ne- 
crosis observed. In sections stained with 
Feulgen, PAS, alkaline phosphatase and fat 
stains, no histological differences were seen 
between serotonin treated and control animals. 

In addition to the liver, the following or- 
gans were studied by autoradiography: brain, 
esophagus, stomach, small and large intestine, 
skin, heart, lung, spleen, tongue, striated mus- 
cle, testis, epididymis, thymus, adrenal, eye, 
and kidney. In these organs, no significant 
difference in number of labelled cell nuclei 
was observed between serotonin treated and 
control animals, except in the kidney. In rats 
of all weights given large doses of serotonin, 
this organ showed an increase in number of 
labelled nuclei of tubular cells associated with 
histologic evidence of tubular necrosis. 


In 4 rats given P*? and serotonin, the “bio- 
logical concentration coefficient” for nucleic 
acid phosphorus in liver was 171 (Range 148- 
189) whereas in 3 control rats that received 
only saline, the value was 218 (Range 200- 
237). This difference was significant. 
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FIG. 1, Autoradiograph of liver of young rat 
given one subeut, inj. of 45 mg/kg serotonin cre- 


Comment. Incorporation of tritiated thy- 
midine into cell nuclei is believed to reflect 
active nuclear synthesis of desoxyribonucleic 
acid(5). Thus, it appears that cells which 
exhibited label in the nucleus were preparing 
for mitotic division at time of thymidine injec- 
tion(5). That livers of small rats, given 40 
mg/kg or more of serotonin, had increased 
number of labelled parenchymal liver cells 
suggests that new liver cells were being 
formed at increased rate in response to sero- 
tonin injection. This is supported by histo- 
logical observation that mitotic figures were 
more numerous in these livers than in those 
of control animals. Moreover, the decreased 
“biological concentration coefficient” for nu- 
cleic acid phosphorus in livers of rats treated 
with serotonin, suggests an increased turnover 
of nucleic acid, consistent with above auto- 
radiographic and histologic observations. 

The manner in which serotonin affects liver 
cell proliferation is not understood although 
the demonstrated dose dependency suggests a 
toxic effect, acting either directly upon he- 
patic cells or resulting from temporary is- 
chemia. Furthermore, it is not known why 
this phenomenon could be demonstrated only 
in small rats. It is conceivable that serotonin 
may act by accentuating normal liver growth, 
which might explain why no significant effect 
was observed in larger animals. 

Summary. In young rats weighing less 
than 115 g a single subcutaneous injection of 
40 mg/kg or more of serotonin creatinine sul- 
phate resulted in increased formation of he- 
patic parenchymal cells as demonstrated by 
autoradiographic technics employing tritiated 
thymidine. With histologic methods, livers 
showed an increase in mitotic figures. Slight 
cytologic changes in hepatic cells were ob- 
served, but in no instance was frank cellular 
necrosis found, even with extremely large 
doses of serotonin. The mechanism by which 
serotonin affects hepatic cell formation is not 


atinine sulphate 24 hr preceding inj. of tritiated 
thymidine. Unstained x 560. 

FIG. 2. Liver of same animal as in Fig. 1, show- 
ing 3 mitotic figures, slight distortion of cords of 
liver cells, and clumping of cytoplasm. Hematoxy- 
lin and eosin X 560. 

FIG. 3. Liver of control rat for comparison with 
Fig. 2. Hematoxylin and eosin X 490, 


88 


TABLE I. Demonstration of Leukocyte Agglutinating Factor in Serum from Immune Animals. 


Avg difference of agglutination index from saline control + S.E. 
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nificant differences represent 58-90%  in- 
creases over the saline control. 

Table II shows that immune serum, when 
added to normal blood, caused an increased 
leukocyte agglutination in the presence of 
specific antigen. Agglutination indices for 
blood samples containing saline are compared 
with samples containing immune serum. The 
highest effective serum dilution is given. Ta- 
ble IT also shows that heating such sera before 
they were added to normal blood destroyed 
their leukocyte agglutinating activity. 

Tables III and IV show adsorption of hu- 
moral antibody by specific antigen. Table 
III indicates EA tanned red cells agglutinated 
in the presence of anti-EA sera, whereas, 
saline, bovine serum albumin and bovine se- 
rum gamma globulin treated tanned cells did 
not. When such sera were removed from ag- 
glutinated red cells, added to normal blood 
and their leukocyte agglutinating activities de- 
termined in presence of specific antigen, the 
leukocyte agglutinating activities of sera from 
only EA tanned cells were diminished (Table 
III). Table IV shows composite results of 10 
experiments in which sera from animals re- 
ceiving type III pneumococci were adsorbed 
with both type I and III organisms and their 
leukocyte agglutinating activities tested. It is 
apparent that only type III organisms dimin- 
ished the leukocyte agglutinating activity of 
such sera. 


Discussion. Previous work has shown that, 
although LAA can be demonstrated in blood 
of animals susceptible to anaphylactic shock, 
the anaphylactic type of hypersensitivity is 
not a prerequisite for its presence(5). Like- 
wise, LAA can be demonstrated in serum of 
animals without detectable precipitating anti- 
body(5). This suggests that either the LAA 
and precipitating antibody are different or the 
technic for detecting classical antibody by leu- 
kocyte agglutination is relatively more sensi- 
tive than usual methods for detecting precipi- 
tating antibody. The work here presented 
has not attempted to answer this question, 
but to determine whether the LAA is humoral 
or cellular and whether it behaves as an anti- 
body. That LAA is humoral has been shown 
by 3 types of experiment. Cell-serum cross ex- 
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TABLE I. Titers of Immune Sera Producing Leukocyte Agglutination in Normal Blood with 
Specific Antigen. Effect of heat on leukocyte agglutinating activity of such sera. 


Agglutination index Agglutination index 
Untreated 56°C 
Exp Saline Serum Serum titer Exp Saline serum serum 
EA 1 57 79 1/500 EA 7 16 24 oat 
2 28 48 x 8 ily 23 20 
3 53 66 1/1000 9 31 52 28 
4 21 31 1/500 10 24 33 23 
5 14 40 1/1000 iol 21 38 20 
6 4] 54 ey 
SIIT 1 8 15 m. shoe & 15 24 ay, 
2 g 17 1/500 10 31 46 35 
3 12 18 1/1000 18 43 69 40 
4 1 6 <3 12 Gi 28 19 
5 1 9 a 13 28 45 23 
6 1 of 1/5000 14 27 42 27 
7 4 13 1/500 
8 4 11 a 


Final antigen concentration: HA, 1 ug/ml; SIIT, .1 pg/ml. 


periments have shown that nonimmune cells 
-++ immune serum react at antigen concentra- 
tions which characterize an immune system, 
whereas, immune cells + nonimmune serum 
react at antigen concentrations characterizing 
a nonimmune system. LAA can be trans- 
ferred im vitro to normal blood by adding 
small amounts of immune serum and such ac- 
tivity can be destroyed or impaired by heat- 
ing such sera at 56°C. Finally, LAA can be 
specifically adsorbed from immune serum. It 
must be concluded that with the experimental 
model used there was no evidence for cellular 
antibody. 

There is also convincing evidence that the 


humoral agent producing leukocyte agglutina- 
tion behaves as an antibody. Immunization 
resulted either in formation of a new unit 
capable of reacting with antigen or increased 
the number of preexisting units capable of 
reacting with antigen above a critical thresh- 
old, which was adequate to trigger leukocyte 
agglutination in the immune system. Also, 
from Tables III and IV, the humoral factor is 
shown to have an affinity for specific antigen. 
The factor occurring in anti-EA sera was ad- 
sorbed by EA tanned red cells but not by 
tanned cells treated with saline, bovine serum 
albumin or bovine gamma globulin. Simi- 
larly, the factor occurring in anti-type III 


TABLE III. Effect of Adsorption by Specific Antigen on Leukocyte Agglutinating Activity of 
F Immune Serum. 


Reciprocal hemagglutination test 


titers Leukocyte agglutination index (HA, | ug/ml) 
on ayes = aN: 
Non- ; 
adsorbed STC EATC BGGTC BSATC 
Serum EATC STC BGGTC BSATC Saline serum serum serum serum serum 
HA 1 4096 Neg. Bil 65 60 44 
4 1024 ee 9 29 26 8 
ui 4096 Ze 26 45 39 24 
8 4096 # ibs lost 27 11 
9 8192 “ 8 19 16 6 
iat 16,384 a Neg Neg. 20 28 25 Pal 27 26 
12 2048 5 27 31 34 20 
18} 16,384 st: a uy 6 iat 12 6 12 13 
16 128 2 38 106 102 74 
17 4096 i 50 60 65 47 
Normal Neg 2, 
SIIL 2? ” 


(EATC) egg albumin tanned cells; (STC) saline tanned cells; (BGGTC) bovine gamma 
globulin tanned cells; (BSATC) bovine serum albumin tanned cells. 
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TABLE IV. Difference of Average Agglutination 
Index Due to Adsorption of SIIIT Immune Serum 
by Type I and Type III Pneumococci. 


Difference 
Significance between Se Sila. 12 
Saline and nonadsorbed serum 6.24 .8 <.01 
Saline and 1.1+ 1.0 .30 
Type III adsorbed serum 
Nonadsorbed serum and 7.3 + 1.2 <a. Ui 


Type III adsorbed serum 


Saline and 8.4 + 1.2 a 
Type I adsorbed serum 


Type I adsorbed serum and 
Type III adsorbed serum 


SII, .1 pg/ml. 


pneumococcal sera was adsorbed by type III 
pneumococci but not by type I. From the 
work of Borduas and Grabar(9) it may be 
questioned whether the EA tanned cells really 
adsorbed anti-EA antibody, since these work- 
ers claim that tanned cells preferentially ad- 
sorb conalbumin rather than EA. Stravitsky 
has shown that EA is adsorbed about as well 
as conalbumin(10). The fact that this issue 
may be controversial does not invalidate the 
results of our study. Whether EA or one of 
its impurities was the principal antigenic unit, 
LAA was formed and adsorbed from serum by 
antigenic unit fixed to tanned red cells. 
Waksman reported that rabbit anti-oval- 
bumin sera produced a decrease in leukocyte 
count when added to normal blood in pres- 
ence of specific antigen(11). He found no 
correlation between white cell lytic activity 


Histochemical Demonstration of Erythrocyte Esterases.* 
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of such antisera and precipitating antibody 
but did find some correlation with skin sensi- 
tizing antibody. It is likely that the antibody 
involved in decreased leukocyte count ob- 
served by Waksman and the LAA are identi- 
cal. However, the nature of LAA and its. ex- 
act relation to antibody of known type remain 
to be elucidated. 

Summary. A humoral agent produced by 
single injection of antigen and responsible for 
leukocyte agglutination, which occurs in pres- 
ence of specific antigen has been demonstrated 
in anti-EA and anti-type III pneumococcal 
sera. The factor is heat labile and, due to 
its specific affinity for EA treated tanned red 
cells and type III pneumococci respectively, 
it is thought to be antibody. 
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Although the histochemical demonstration 
of esterases in tissues can be performed by 
means of azo and indoxy] technics, such tech- 
nics have not been applied successfully to 
erythrocyte esterases(1). The demonstration 
of acetylcholinesterase, based on the Koelle 

* Supported in part by Albert A. List, Frederick 
Machlin and Anna Ruth Lowenberg Funds, and by 
Altrua League of Brooklyn, N. Y. 


method, was noted by Zajicek et al.(2); the 
precipitate, however, is crystalline and local- 
ization of enzyme activity within the erythro- 
cyte has not yet been reported. During pre- 
liminary studies on development of high reso- 
lution histochemical technics for intracellular 
localization of enzymes, erythrocyte esterase 
activity could be demonstrated with excellent 
localization in ordinary air-dried blood smears. 
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The salient characteristics of the technic are, 
(1) low temperature anhydrous osmium tet- 
roxide fixation and, (2) use of “hexaazotized” 
pararosanilin in an azo coupling reaction(3,4). 
Method. In our procedure, blood smears are 
first fixed in anhydrous osmium tetroxide, 
then incubated in a medium containing alpha 
naphthyl acetate and “hexaazotized” pararo- 
sanilin. Esterase enzymes present in the 
erythrocyte split the alpha naphthyl acetate 
to alpha naphthol and acetate ion. The “hexa- 
azotized” pararosanilin then couples with al- 
pha naphthol to produce a colored deposit at 
sites of enzyme activity. Discrete intracellu- 
lar erythrocyte esterase activity has been 
demonstrated in blood smears from garter 
snake, frog, mouse, rat, rabbit and man. 
Materials. (1) Fixative. 1% osmium tetrox- 
ide in dimethylformamide (DMF)t. DMF 
available as reagent grade chemical contains 
trace quantities of substances which reduce 
enzyme activity and which react with osmium 
tetroxide. Purification and dehydration are 
readily achieved by passage of DMF through 
freshly activated charcoal and then through 
Linde Molecular Sieve Powder, Type 4A.? 
The treated DMF is colorless and has a faint 
sweet odor. 1% solution of osmium tetroxide 
in DMF is prepared (in a hood). The deep 
yellow solution is stored in screw cap Coplin 
jar in freezing compartment of refrigerator at 
temperature of about —-15°C. The solution is 
stable indefinitely at this temperature. Re- 
peated use eventually introduces contami- 
nants which react with osmium tetroxide as 
indicated by gradual appearance of a brown- 
black color. (2) Buffer solutions. 1/15 M 
NasHPO,, 1/15 M KHe2PO,. (3) Substrate. 
Alpha naphthyl acetate, reagent grade.$ (4) 
The “hexaazonium” salt is made prior to in- 
cubation by mixing hydrochloric acid solu- 
tion of pararosanilin with sodium nitrite solu- 


t+ Osmium tetroxide purchased from Engelhard In- 
dustries, Newark, N. Y., Dimethylformamide pur- 
chased from Matheson Coleman and Bell, East 
Rutherford, N. J. and from Distillation Products, 
Rochester, N. Y. 

t Linde Molecular Sieve Powder, Type 4A _pur- 
chased from Linde Air Products, N. Y. 

§ Alpha naphthyl acetate purchased from Distil- 
lation Products, Rochester, N. Y. 


tion. (A) One gram of pararosanilin hydro- 
chloride (C.I. 676) is added to 25 ml of 2N 
HCl, warmed to dissolve the dye, filtered and 
stored in dropper bottle at room temperature. 
(B) One gram of sodium nitrite is dissolved 
in 25 ml of distilled water and stored in drop- 
per bottle at room temperature. (5) Slides. 
Thin blood smears are made. If smears are 
not used the same day they should be stored 
in refrigerator. Activity can be preserved for 
several months at 5°C. Procedure. (1) 
Fixation. Dry blood smears are placed in 
Coplin jar containing osmium tetroxide in 
DMF for 2 to 3 minutes at -15°C. At com- 
pletion of fixation the slides are removed one 
at a time and immediately placed in stream 
of cold, briskly running tap water for 15 sec- 
onds to remove fixative. (If a refrigerated 
slide is to be fixed, care must be taken to pre- 
vent water vapor condensation on the slide 
since the introduction of a moist smear into 
the fixative produces, in effect, aqueous osmic 
acid fixation which inactivates erythrocyte 
esterases. Care also must be taken when the 
slide is removed from the fixative; unless the 
fixative is washed off without delay, water 
vapor condensation on the slide in the pres- 
ence of osmium tetroxide causes rapid inacti- 
vation of the enzymes.) (2) Incubation me- 
dium. 25 ml of 1/15 M NasHPO, are added 
to Coplin jar. About 15 mg of alpha naph- 
thyl acetate are placed in test tube, heated 
under hot water tap until the ester begins to 
melt (about 45°C). 2 to 3 ml of hot water 
are added to tube and the tube shaken. The 
resultant turbid mixture is transferred to the 
Coplin jar with stirring to give a saturated 
solution. ‘“Hexaazonium” salt is made by 
adding 4 drops of sodium nitrite solution to 4 
drops of pararosanilin-hydrochloric acid solu- 
tion in a separate test tube and the tube agi- 
tated. ‘Hexaazotization” is complete in 
about 30 seconds and the amber solution is 
transferred to Coplin jar with stirring. pH 
of medium is now adjusted by pH meter to 
7.3 by addition of 1/15 M KHePO,.|| (3) 


|| Selection of pH 7.3 was based on qualitative ob- 
servations and represents a necessary but satisfactory 
compromise. It was found that, within limits, as 
pH of incubating medium was raised, erythrocyte es- 
terase activity increased but rate of enzyme inacti- 
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Incubation. The slides (up to 5) are placed 
in Coplin jar and incubation performed at 
room temperature (approximately 25°C). In- 
cubation time varies with species of organism. 
Erythrocytes of garter snake are incubated for 
about 5 minutes; rabbit for about 10 min- 
utes; frog, mouse, rat and man for about 60 
to 120 minutes.|| At end of incubation the 
slides are washed in water, passed through ace- 
tone to remove naphthyl acetate which may 
have deposited on the preparation, and al- 
lowed to dry. 

Results. Sites of erythrocyte esterase ac- 
tivity are demonstrated by presence of azo 
dye formed by coupling of “hexaazotized” 
pararosanilin and alpha naphthol, the latter 
component formed by enzymatic hydrolysis 
of alpha naphthyl acetate.1 The final dye 
product is red-brown and insoluble in water, 
acetone, alcohol, benzene and all other sol- 
vents tested. It is stable and it does not dif- 
fuse in permanent mounting media. The dye 
is amorphous and clearly delineated against 
the background of erythrocyte cytoplasm. 

No dye deposit is found if enzymes are in- 
activated, e.g., by flaming the smear, or if 


vation by ‘hexaazonium’ salt, as with all azo couplers, 
also increased. At pH 7.3 at room temperature dye 
deposition from enzymatic hydrolysis proceeds at 
“adequate” rate for about 4 hours. At pH 6.9 rate 
of enzymatic hydrolysis is slower; however, ‘hexa- 
azonium’ inactivation of the enzyme is further de- 
pressed: the net effect is an increase in detection 
sensitivity provided incubation is extended to 6 to 
16 hours. Selection of pH and incubation time is, 
therefore, arbitrary and depends upon type of in- 
formation required. Incubation at pH 7.3 has been 
satisfactory for all species of erythrocytes studied for 
unequivocal demonstration of positivity and for de- 
tection of differences between normal controls and 
abnormal specimens. If, on the other hand, greater 
sensitivity in enzyme detection is required it is neces- 
sary to perform the incubation at pH 6.9. 


| Leucocytes and platelets are demonstrated by 
this technic. Optimum pH of incubating medium 
for leucocytes is 6.9. Human lymphocytes, when 
positive, contain a few distinct granules in the cyto- 
plasm; monocytes, a fine diffusely distributed stip- 
pling of cytoplasm; neutrophils, a faint, diffuse ac- 
tivity throughout cytoplasm after at least 4 hours 
incubation. Of interest is the finding that rabbit 
pseudoeosinophil nuclei are positive. 


nae 


FIG. 1. Erythrocyte esterase in peripheral blood 
smears (1134). A. Human with polycythemia 


vera. B. Rabbit during phenylhydrazine induced 
anemia. 
either substrate or “hexaazonium” salt is 


omitted from incubating medium. 
Non-specific coupling of “hexaazonium” 
salt to proteins imparts a pale yellow color to 
proteins previously colorless and a_ light 
orange color to erythrocyte hemoglobin. 
Differences in morphologic distribution of 
dye deposits within erythrocytes and in num- 
ber of erythrocytes showing activity are 
readily observed. In general the morphologic 
distribution of enzyme activity is of 2 types: 
(1) [Fig. 1A] spherical granules which may 
vary both in number (from 1 to 20) and in 
size in a particular erythrocyte and (2) [Fig. 
1B| an irregular mass with filamentous exten- 
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sions, often forming an elaborate network. 
Spherical granules are often found attached 
to the filamentous extensions. Both types 
may be seen in the same blood smear. 

Work in progress indicates that induced or 
naturally occurring diseases involving eryth- 
rocyte production are often associated with 
variations in enzyme activity. Thus, prelimi- 
nary studies show an appreciable increase in 
number of cells containing both types of dye 
distribution in rabbits during the phase of 
reticulocytosis following phenylhydrazine in- 
duced anemia [Fig. 1B]. In humans with 
polycythemia vera the number of erythrocytes 
containing spherical granules and number of 
granules/cell are strikingly increased over nor- 
mal controls [Fig. 1A]. Similar findings 
have been noted in some types of anemia in 
humans. 

Discussion. Previous failures to demon- 
strate erythrocyte esterases by histochemical 
azo technics may have been due to inadequate 
fixation and/or inadequate detecting systems. 

Anhydrous osmium tetroxide is an excel- 
lent fixative for blood smears(3). When 
used at low temperatures sufficient enzyme ac- 
tivity is preserved to keep incubation time 
within a reasonable range. Relative stability 
of “hexaazotized” pararosanilin and of alpha 
naphthyl acetate against spontaneous hy- 
drolysis contribute to sensitivity of the sys- 
tem by reducing artifactual colored precipi- 
tates toa minimum. Rapidity of the coupling 
reaction, (and extreme insolubility) and high 
extinction coefficient of the coupling product 
result in precise localization and_ high 
sensitivity. Demonstration of enzyme activ- 
ity in filaments so fine as to approach or pos- 
sibly exceed the limit of resolution of the light 
microscope and absence of dye diffusion halos 
or crystalline deposits are evidence of high 
resolution of the technic. 

Erythrocytes are known to contain at least 
3 different types of esterases: acetylcholines- 
terase, cholinesterase and ali-esterase. Em- 


ploying acetylcholine as substrate in biochemi- 
cal assays, other workers have noted a corre- 
lation between erythrocyte esterase and reti- 
culocytosis in rat and man(5,6). A similar 
correlation has been found here in rabbits by 
means of histochemical azo technic. 


Histochemical observation of increased es- 
terase activity in polycythemia vera erythro- 
cytes requires confirmation by conventional 
quantitative methods. 


Since the substrate, alpha naphthyl acetate, 
can be split by all 3 erythrocyte esterases(7) 
and since anhydrous osmium tetroxide may 
differentially preserve activity of different en- 
zymes, further work is necessary to identify 
specific enzymes responsible for dye deposits 
seen in this histochemical technic. 


Summary. A high resolution technic is de- 
scribed for localization of intracellular sites of 
erythrocyte esterases. Blood smears are fixed 
in 1% osmium tetroxide in dimethylforma- 
mide at —15°C and then incubated in medium 
containing alpha naphthyl acetate and “hexa- 
azotized’ pararosanilin. Alpha naphthol re- 
leased by enzymatic hydrolysis of the sub- 
strate ester couples with “hexaazonium”’ salt 
to form a colored, insoluble, amorphous de- 
posit at sites of esterase activity. 


AppENDUM. During the writing of this paper an 
article appeared in J. Histochem. and Cytochem., 
1958, v6, 457, by M. Wachstein and G. Wolf entitled: 
Histochemical Demonstration of Esterase Activity 
in Human Blood and Bone Marrow Smears. 
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Depts. of Physiology and Pediatrics, University of Minnesota, Medical School, Minneapolis 


Transplantation of normal and neoplastic 
tissues in highly inbred strains of mice is 
ruled by basic principles of inheritance. Tu- 
mors as well as normal tissues taken from ani- 
mals of an inbred strain can be successfully 
transplanted into the same individual (autolo- 
gous graft) or into members of the same strain 
(isologous grafts). In addition, by crossing 
mice of 2 different strains, the resulting F; hy- 
brids accept transplants of tissue taken from 
members of either parental strain. Con- 
versely, tissues taken from F, individuals and 
transplanted to members of either parental 
strain are always unsuccessful and result in a 
homograft rejection(1,2,3). However, inci- 
dental observations made recently in our lab- 
oratories seem to indicate that using certain 
“F, to parent” donor host combinations and 
under certain well defined conditions, such as 
transplantation in young recipient animals, 
skin from F; hybrid individuals can be suc- 
cessfully transplanted onto members of at 
least one of the parental strains. It is the pur- 
pose of this report to document these observa- 
tions. 

Method. Highly inbred mice of the Z,t A, 
BALB/C, Ce, C57 B1 (Subline 1) and their 
reciprocal hybrids were used. In a first set 
of experiments, skin taken from F, hybrid 
mice was transplanted to groups of mice of 
each parental strain, as follows: (A x Z) F, 
onto A and Z mice; (BALB/C x Ce) F; onto 
both BALB/C and Ce: (Z x C57 B1) F, onto 
Z and C57 Bi and (Z x Ce) F, or (Ce x Z) 
F, onto Z and Ce parental strains. Donors as 
well as recipient animals were divided into 
subgroups according to age at time of skin 
graft. These ages are indicated in Table I. 
In these experiments, donors of grafts and re- 
cipients were always of same sex. Method 


* Aided by grants from U.S.P.H.S. and Minn. Di- 
vision, Am. Cancer Soc. 

+ “Z is used to simplify designation of mice of the 
C3H strain originally obtained from Dr. John J. 
Bittner’s Laboratory. 


used for skin transplantation has been de- 
scribed(4). Essentially, it consisted of trans- 
fer of full-thickness abdominal skin graft from 
donor to back of recipient. In each instance 
the graft was turned 180° to facilitate deter- 
mination of subsequent success or failure of 
graft. In such grafts hair on successful graft 
grows in a direction opposite to that on skin 
of host. Grafted animals were kept under ob- 
servation for at least 5 months following oper- 
ation. Mice were housed individually in plas- 
tic boxes and fed Purina Fox Chow and tap 
water. 

Results. The results are recorded in Table 
I. When skin from (A x Z) F, hybrids was 
transplanted to 26-38 days old mice of the Z 
strain, and to A mice 25 days of age, none ac- 
cepted the hybrid skin. The same was true 
when (BALB/C x Ce) Fy, skin was trans- 
planted to mice of BALB/C or Ce strains and 
when (Z x C57 B1) F, skin was grafted onto 
mice of either C57 B1 or Z parental strains. 

Similar negative results were obtained when 
(Z x Ce) F, skin was grafted onto Ce mice. 
However, when skin from this hybrid was 
grafted onto Z mice of 26 to 47 days of age, 
28 of 34 animals (82%) accepted the graft 
which remained in place at least 5 months. 
Of this group, 9 animals were then retrans- 
planted with skin from the same F, hybrids, 
when they reached approximately 5 months of 
age. This was done by replacing previous 
graft with another piece of hybrid skin. All 
of these recipient mice also accepted the sec- 
ond skin graft. On the other hand, when the 
recipient Z mice were 55 to 61 days of age at 
time of first grafting, only 12 of 31 (39%) 
accepted the graft. In contradistinction, none 
of 19 animals of the same parent strain (Z), 
ranging from 83 to 119 days in age, accepted 
this (Z x Ce) F, skin. It is interesting to note 
that the reciprocal hybrid skin resulting from 
the cross between Ce mothers and Z fathers, 
transplanted onto young Z mice, was also suc- 
cessful in 8 of 11 mice tested. 
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TABLE I. Incidence of Successful Skin Grafts from F, Hybrid Mice to Individuals of Hither 
Parent Strain. 


No. of mice No. of mice 


: ; Recipient accepting accepting 2nd 
Donor hybrid Age in days parent strain Age in days skin grafts* skin graft* 
(A X Z)F, 37-100 Z 26— 38 0/12 
A 25 gs 
(BALB/C xX Ce)F, 37— 42 BALB/C 27— 67 0/14 
Ce 26 0/10 
(ZX C57 Bl) F, 33— 90 C57 Bl 28— 38 0/12 
25— 43 0/19 
(ZX Ce)F, 29-— 95 Ce 33— 56 0/25 
Z 26— 47 28/34 9/9 
Z 55— 61 12/31 
Z 83-119 0/19 
(Ce X Z)F, : 28 Z 32 8/11 


* No. +/No. grafted. 


In view of these results, a second series of 
experiments was performed consisting of ex- 
change of skin grafts between members of 
both Z and Ce parent strains. 

The results of this experiment are recorded 
in Table II. It is clear that when Ce mice 
were used as donors and Z mice as recipients, 
rejection of the homograft regularly occurred 
regardless of age of recipient. Likewise, Ce 
mice always rejected Z skin. 

Induction of acquired tolerance to (Z x Ce) 
F, skin homograft in weanling Z mice. Here- 
tofore, all instances of immunological toler- 
ance have been induced by injection of cells 
from prospective donor to prospective recipi- 
ent prior to birth or in the immediate neonatal 
period(5-10). Since most Z mice ranging 
from 26 to 47 days of age accepted skin trans- 
plants from (Z x Ce) F, hybrids, whereas 
older animals, particularly those in 83 to 119 
days age group always rejected this skin 
(Table I), it was decided to determine 
whether or not intravenous administration of 
viable spleen cells, taken from (Z x Ce) Fy 
donors and injected intravenously into wean- 
ling mice of the Z strain, would induce per- 
manent state of tolerance to the F, hybrid. 


TABLE II. Homologous Skin Grafts between Mice 
of Z and Ce Strains. 


No. of mice 


Donor Agein Recipient Agein accepting 
strain days strain days skin grafts* 
Ce 60-180 Z 23-80 0/29 
Z 44- 80 Ce 31-80 0/23 


* No. +/No. grafted. 


The experiment was performed in the fol- 
lowing way: Weanling female and male mice 
of the Z strain from 21 to 25 days of age were 
injected intravenously into tail vein with 15- 
20 million viable spleen cells taken from 
(Z x Ce) F, adult donors. Donors were killed 
under ether, the spleen removed and cells to 
be injected prepared according to technic pre- 
viously described(4). Spleen cells for each 
injection were suspended in 0.25 cc of Ringer- 
Locke’s saline solution. 


TABLE III. Induction of Tolerance to (Z X Ce) Fy 
Skin Homograft in Weanling Z Mice Injected In- 
travenously with (Z x Ce) F, Spleen Cells.* 


Age (days) when iINGwORInICE 


Host inj. with F, grafted with accepting 
strain spleen cells F, skin skin graftst 
Z 21-25 100-130 14/15 
8 83-119 0/19 


* Bach mouse received 15 to 20 million viable 


cells. 
t No. +/No. inj. 


The injected mice, together with a group of 
non-injected controls, were set aside until they 
reached from 100 to 130 days of age, at which 
time they were grafted with skin from (Z x 
Ce) F, donors of approximately the same age. 
In all instances recipient and donor mice were 
of the same sex. After grafting, both experi- 
mental and control mice were kept under ob- 
servation for no less than 5 months. 

The results are recorded in Table III. Of 
15 Z mice injected immediately after weaning 
with F, spleen cells, 14 or 93% accepted the 
corresponding F,; graft. In contradistinction, 
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all 19 control animals of approximately the 
same age rejected the skin grafts in the usual 
way. 

Discussion. The results of these experi- 
ments confirm that in most instances the skin 
taken from F, hybrid individuals resulting 
from crossing 2 different strains of mice can 
not be successfully transplanted onto animals 
from either parent stock. However, when 
skin taken from (Z x Ce) Fy, hybrid was 
grafted onto young Z mice 26 to 47 days of 
age, a high incidence of successful takes was 
achieved. On the other hand, when skin from 
the same donor hybrid was grafted to older 
recipients of parent strain, the incidence of 
successful grafts decreased markedly, and in 
fully mature animals grafts failed altogether. 
The differences in incidence of successful takes 
in the 3 groups studied are highly significant 
on a Statistical basis. Similarly, the reciprocal 
F, hybrid skin taken from (Ce x Z) Fy, ani- 
mals also was accepted in most cases when 
transplanted onto young mice of the Z strain. 

It is further of interest that mice accepting 
the first homologous skin graft remained sus- 
ceptible to a second transplant of the same 
skin performed at an age when animals of the 
same strain not subjected to a previous graft 
regularly rejected the homologous skin, sug- 
gesting that persistence of initial graft in- 
duced in recipients some degree of tolerance 
to the skin of homologous hybrid strain. 

Further evidence for this hypothesis was 
obtained in the observation that injecting 
weanling Z mice with viable spleen cells from 
adult (Z x Ce) F, produced immunological 
tolerance, permitting the parent Z strain re- 
cipients to accept skin from hybrid donor at 
any age. 

It is difficult with present concepts to offer 
a satisfactory explanation of these results. It 
seems possible, however, to postulate that, of 
strain combinations studied, Ce and Z mice 
differ from each other by weak histocompati- 
bility genes(11,12) which are, however, suf- 
ficiently strong to permit regular rejection of 
skin homotransplants between the 2 parent 
strains. However, when strains are crossed, 
the histocompatibility differences between hy- 
brid and parent strain may be lessened by 
genetic mechanisms such as those postulated 


by Fox(13). This might make it possible for 
the recipient strain to accept homografts or 
develop tolerance to the hybrid more easily 
than would be the case between parent strains. 
The observation that in these combinations 
the young recipients of parent strain accept 
such homografts from donors of the hybrid 
strain, whereas older recipients do not, would 
be best explained by the hypothesis that 
young animals, having not reached complete 
immunological maturity, are more susceptible 
to both homotransplantation and to develop- 
ment of immunological tolerance than are 
older animals of the same strain. 

Summary. 1) Using several “F, hybrid to 
parent” strain combinations homotransplanta- 
tion of skin from F, hybrid mice onto mem- 
bers of both parent strains has been at- 
tempted. 2) Results showed that while most 
“F, to parent” homologous skin grafts were 
unsuccessful, skin taken from (Z x Ce) F, or 
(Ce x Z) F, grafted onto mice of Z parent 
strain 26 to 47 days of age, was successfully 
established in most cases. Moreover, older 
recipients of same strain, particularly those 
ranging from 83 to 119 days in age, rejected 
the F, skin in all instances. 3) Exchange of 
skin homografts between mice of Z and Ce 
strain was regularly unsuccessful regardless of 
recipient’s age at time of grafting. 4) Ac- 
quired immunological tolerance to (Z x Ce) 
F, homologous skin grafts was achieved in 
weanling Z mice injected intravenously with 
viable spleen cells taken from adult F; donors. 
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Reduced Growth Hormone Content in Anterior Pituitaries of Rats on 


Protein-Free Diets.*t 


(24844) 


H. H. SREBNIK, M. M. NELson anv M. E. Simpson 
Inst. of Experimental Biology and Dept. of Anatomy, University of California, Berkeley 


Diets inadequate in protein or lacking spe- 
cific essential amino acids retard skeletal 
growth. Several investigators(2-10) have 
measured tibia length and width of epiphyseal 
cartilage plates to assess growth retardation 
during such deficiencies in the rat. Frandsen 
et al.(&8) found that in complete absence of 
dietary protein, the tibial proximal epiphyses 
were sealed from shaft by bone, known to oc- 
cur after hypophysectomy(11). To deter- 
mine whether growth arrest in absence of 
dietary protein was due to decreased synthe- 
sis of growth hormone, anterior pituitaries of 
protein-deficient rats were bioassayed for 
growth hormone activity and studied histo- 
logically. An attempt was also made to meas- 
ure growth-promoting potency of blood from 
such animals to gain additional information 
on pituitary function. 

Methods. Adult female rats (Long-Evans 
strain) weighing approximately 200 g were 
maintained 5 weeks on purified diet free of 
protein, though complete in all other known 
dietary essentials. The animals had _ lost 
an average of 65 g. Groups of control rats of 
similar age and body weight were maintained 
either on purified diet containing 24% casein} 
or on stock diet XIV(13) and during same 
period gained 40-50 g. Bioassay results for 


* Preliminary report presented before Am. Assn. 
Anat., Buffalo, N. Y., April, 1958(1). 

+ Aided by grant from U.S.P.H.S. We are greatly 
indebted to Dr. Randolph Major, Merck and Co., for 
generous. supplies of 2-methyl-1,4-naphthoquinone 
and crystalline B vit.; to Dr. Elmer L. Severinghaus, 
Hoffmann-LaRoche, for crystalline d-biotin, d-calcium 
pantothenate, and dl-alpha-tocopherol; and to Dr. 
T. H. Jukes, Lederle Labs., Pearl River, N. Y. for 
synthetic pteroylglutamic acid. 


control groups were in such close agreement 
that they have been combined in the Tables. 
Anterior pituitaries from protein-deficient and 
control rats were dissected, weighed, ground, 
suspended in isotonic saline with 2% butanol, 
and stored at 4°C. Total doses ranging from 
1/32 to % anterior lobe were injected sub- 
cutaneously into immature female hypophy- 
sectomized rats. Injections were given once 
daily for 4 days, followed by autopsy 24 
hours after last injection. The right tibia was 
stained with silver nitrate(14). Width of un- 
calcified portion of proximal epiphyseal carti- 
lage was measured with ocular micrometer 
and cartilage widths of 200 » or more, 7.e., in- 
crease of at least 40 » over uninjected control 
widths, were considered evidence for growth- 
stimulating activity. Plasma from _protein- 
deficient and control rats was bioassayed by 
same method(14). Blood was collected for 
4 consecutive days from the aorta in heparin- 
ized syringes and centrifuged under mineral 
oil 30 minutes at 3200 rpm. Plasma for each 
day was pooled and injected subcutaneously 

¢ The protein-free diet contained sucrose 88%, 
hydrogenated cottonseed oil 8%, modified salts No. 4 
(12) 4%. Crystalline vit./kg of diet were: vit. B,, 
0.05 mg, d-bictin 0.6 mg, 2-methyl-1,4-naphthoqui- 
none, 10 mg, thiamine HCl 10 mg, pyridoxine HCl 
10 mg, pteroylglutamic acid 11 mg, riboflavin 20 mg, 
p-aminobenzoic acid 20 mg, niacin 40 mg, d-calcium 
pantothenate 100 mg, inositol 800 mg, choline chloride 
1000 mg. The control diet contained sucrose 64%, 
alcohol-extracted casein 24%, hydrogenated cotton- 
seed oil 8%, modified salts No. 4(12) 4% and vit./ 
kg of diet listed above with B,. omitted. All rats re- 
ceived weekly a fat-soluble vit. supplement of 800 
U.S.P. units vit. A, 115 chick units vit. D, 6 mg 
synthetic alpha-tocopherol and 650 mg corn oil (Ma- 
zola). 
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TABLE I. Growth Promoting Activity of Rat Anterior Pituitaries. 

————_- Normal donors ———————_,, -———— Protein-deficient donors ————_, 

Total Tibial Tibial 
fraction Wtof No.ofre- Body wt cartilage Wtof No.ofre- Body wt cartilage 
of gland gland,mg cipients* change, g width, u gland,mg cipients change, g width, u 
0 .0 33 -1 158 + 4t 0 29 -1 152+4 
1/32 3) 24 1 181 +5 2 10 -1 166 +5 
1/16 6 23 3 220 + 6 eS 10 1 163 +4 
1/8 ileal 22 5 236 + 8 6 31 1 190 + 6 
1/4 2.3 21 6 269 + 9 1.2 31 3 208 + 7 
1/2 4.5 22 a 283 + 9 2.4 32 3 243 + 8 


* Immature female rats, hypophysectomized 26-28 days of age, 16-33 days post-operative and main- 


tained on stock diet I plus lettuce(13). 
t Stand. error of mean. 


into immature hypophysectomized rats in 
doses of 2 to 8 ml. The larger doses were ad- 
ministered in 2 or 3 ml at 1-2 hour intervals. 
Autopsy was performed 24 hours after last 
injection. Groups of 2 to 4 rats were used for 
each dose level and every level was repeated 
at least twice. Pituitary glands for histologi- 
cal analysis were collected from additional 
donor animals and fixed in Zenker-Formol, 
embedded in nitro-cellulose, sectioned at 4 yp, 
and stained with Mallory-Azan(15). 

Results. Anterior Jobes of control rats 
proved consistently more potent in increasing 
width of tibial epiphyseal cartilages in recipi- 
ent animals than glands of protein-deficient 
rats (Table I). Growth-promoting activity 
could be detected in 1/32 to 1/16 total dose 
of anterior lobe from control rats, whereas 
to % of gland was the minimal effective dose 
for such activity in pituitaries of protein- 
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FIG. 1. Photo 
showing general 


BS: 


deficient rats, 7.e., in protein-depleted rats the 
pituitary contained approximately 14 normal 
amount/gland or 14 amount/mg tissue. 

Cells of anterior pituitary of protein-de- 
ficient rats were reduced in size as judged by 
increased number of nuclei in any given field 
(Figs. 1 and 2). There were fewer acidophils 
in anterior lobes of protein-depleted group 
than in comparable areas of control pituitaries. 
The acidophils present were small and stained 
less intensely, presumably due to degranula- 
tion. 

Plasma from protein-deficient donors ap- 
peared less effective in stimulating epiphyseal 
cartilages of recipient rats than plasma from 
control rats (Table Il). However, evaluation 
of data was difficult due to marked variability 
in response of test animals. Results obtained 
with higher dosage levels (6 to 8 ml plasma 
daily) could not always be repeated, perhaps 


PM cad 


micrograph of portion of anterior pituitary of female rat on control dict 
distribution of acidophils (A) and basophils (B). Mallory-Azan (X 890). 


FIG. 2. Photomicrograph of portion of anterior pituitary of female rat on protein-free diet. 


Note increased number of nuclei. Acidophils are reduced in number and size. 


(xX 890). 


Mallory-Azan 
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TABLE IT. Growth Promoting Activity of Rat Plasma.* 


Normal donors 


Protein-deficient donors 


Total No. of | Body wt Tibial carti- No. of Body wt Tibial earti- 
dose, ml recipients change,g lage width, recipients change,g lage width, uw 
0 22 -3 162 + 3 23 1 163 + 5 
8 13 0 182 + 4 
16 16 2 202 + 7 9 2 180 + 8 
24 10 2 221 +10 10 ib 206 + 8 
32 6 1 252 + 9 7 1 yA) Se tf 


* Abbreviations as in Table I. 


due to variable absorption of such volumes. A 
high mortality rate occurred in groups receiv- 
ing larger doses, whereas there were no deaths 
among recipients receiving smaller volumes. 


Discussion. Reduced growth hormone con- 
tent of the hypophysis during protein depriva- 
tion may signify decreased synthesis of growth 
hormone, an assumption supported by reduc- 
tion in number and size of pituitary acido- 
phils. Similar changes have been described 
previously in pituitaries of young male rats 
deprived of certain essential amino acids(6,7, 
9,10,16). Decrease in growth-stimulating ac- 
tivity of blood in this study would not be un- 
expected under those circumstances. 

Failure of growth hormone synthesis in ab- 
sence of dietary protein may not be the only 
cause of growth retardation. Lack of amino 
acids as “building blocks” due to protein de- 
privation is undoubtedly a limiting factor in 
skeletal growth. Inability of skeleton to re- 
spond to growth hormone may also be a factor 
in growth arrest in protein-deficient rats, for 
it is known that the response of hypophysecto- 
mized rats to injected growth hormone, as 
judged by gain in body weight, varied with 
quality and quantity of protein fed(17). Ad- 
ministration of pituitary growth hormone has 
been reported to stimulate inactive epiphyseal 
cartilage plates in. intact rats fed diets de- 
ficient in tryptophane(18) or in phenylalanine 
and tyrosine(19); no such effect has so far 
been demonstrated in complete absence of 
dietary protein. 

Summary. Anterior pituitaries of protein- 
depleted and of control female rats were bio- 
assayed for growth-stimulating activity. Ab- 
sence of dietary protein for 5 weeks reduced 


growth hormone content of hypophysis to %4 
that found in normal glands or % normal 
amount/mg tissue. There was a parallel de- 
crease in number and size of pituitary acido- 
phils. Growth-promoting potency could be 
detected in plasma of protein-depleted ani- 
mals but appeared to be reduced below normal 
levels. 
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Extractable Insulin Measured by Immuno-Chemical Assay: Effect of 


Tolbutamide.*t 


(24845) 


G. M. Gropsky AND C. T. PENG 
Metabolic Unit for Research in Arthritis and Allied Diseases, Dept. of Medicine and Radioactivity 
Research Center, University of California School of Medicine, San Francisco 


One of the mechanisms of action postulated 
for the hypoglycemic effect of sulfonylureas is 
stimulation of pancreatic secretion of insulin. 
An increased content of insulin in the pancre- 
atic vein(1), a decrease of insulin extractable 
from the pancreas(2), and elevated peripheral 
levels of insulin in plasma(3) have been re- 
ported following treatment with sulfonylureas. 
Interpretation of these results is complicated 
by the difficulties encountered with current 
methods for insulin assay. Bioassays of 
small quantities of insulin in biological fluids 
in general are based upon the effect of insulin 
on glucose metabolism(4-6). Although these 
methods are highly sensitive, the fact that 
they measure physiological effects of insulin, 
rather than level of hormone itself, makes 
them nonspecific. Since many hormones from 
the adrenal or adenohypophysis affect glucose 
metabolism, the results of these biological as- 
says are therefore usually reported in terms 
of “insulin-like” activity. Methods for meas- 
uring insulin chemically by chromatography 
(7) and by fibril formation(8) have proved 
more specific, but lack the sensitivity required 
for most biological studies. Immuno-assay of 
insulin by classical hemagglutination technics 
has been used only for measurement of com- 
paratively pure insulin solutions(9). We have 
demonstrated the highly specific nature of 
binding of insulin-I**! to antibodies in serum 
from diabetics requiring large quantities of 
insulin(10). This binding phenomenon, meas- 
ured by the technic of hydrodynamic flow 
(11), forms the basis of a sensitive, specific 
assay for insulin. The use of this new method 
to investigate changes in extractable insulin 
from pancreas after administration of tolbuta- 


mide is the subject of this report. The fact 
that prolonged treatment with sulfonylureas 
results in insulin depletion in the pancreas 
(2) does not necessarily indicate a cause- 
effect relationship between the drug and the 
level of hormone. The concomitant long-term 
hypoglycemia resulting from treatment may, 
in itself, cause insulin depletion by preventing 
insulinogenesis(12). For this reason only the 


immediate effects of sulfonylurea were 
studied. 
Methods. Crystalline beef-pork insulin, 


glucagon free, (Lot No. T-2842) was obtained 
from Eli Lilly and Co. 
nase®) was obtained from Upjohn Co. In- 
sulin-I'#! was prepared by the method de- 
scribed previously(10). Antisera were ob- 
tained from diabetic subjects who required 
more than 500 units of insulin/day. Pooled 
antiserum was diluted with 5% bovine serum 
albumin until .5 ml bound about 85% of 0.1 
wg of insulin-I'#!. Addition of unlabeled in- 
sulin in increasing quantities resulted in satu- 
ration of binding sites, reflected by decrease in 
percentage of insulin-I'*! bound. This change 
in percentage of bound, labeled insulin with 
increasing concentrations of insulin forms the 
basis of our method of assay. To obtain a 
standard curve various amounts of nonradio- 
active insulin contained in 25 pl of 5% albu- 
min were incubated with 0.1 ml of diluted an- 
tiserum, 10 pl (0.02 wg) of insulin-I'*1, and 
0.1 ml of 30% urea in 5% albumin? (pH ad- 
justed to 8.6 with concentrated base) for 30 
min at room temperature. Fifty pl of 
the incubation mixture was then subjected 
to hydrodynamic flow in barbital buffer at 
pH 8.6(10). In this system, free insulin stays 


* Supported by grants from U.S.P.H.S. (A-1875) 
and The Upjohn Co. 

+ The authors are indebted to Dr. P. H. Forsham 
for valuable criticisms and suggestions, and to Eli 
Lilly and Co. and Upjohn Co. for generous supplies of 
insulin and tolbutamide (Orinase®). 


+ Use of urea was found necessary to prevent pre- 
cipitation of proteins in the acidic crude insulin 
solution, insoluble at higher pH. In the absence of 
urea about 50% of the insulin is lost during incuba- 
tion by adsorption or co-precipitation with these in- 
soluble proteins. 
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FIG. 1. Effect of concentration of unlabeled in- 
sulin on binding of insulin-I to antibodies ob- 
tained from insulin-resistant diabetics. 

FIG. 2. Effect of tolbutamide on blood sugar 
and extractable insulin from pancreas. Solid lines, 
initial experiments; broken lines, duplicate experi- 


ments. 


at the origin and bound insulin travels as a 
single peak with serum proteins. After 1 hr 
of flow the papers were dried, and distribution 
of I'#! activity was determined by dividing 
the strips into 1 cm segments and counting 
them in a well-type scintillation counter. To 
obtain the standard curve, total activity in 
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the bound fraction divided by total activity 
in the free fraction (B/F ratio) was plotted 
against concentration of added unlabeled in- 
sulin (Fig. 1). Since B/F ratio did not di- 
minish linearly with, or as a logarithmic func- 
tion of, insulin concentration, it was necessary 
to obtain at least 5 points corresponding to 5 
different concentrations of unlabeled insulin 
in the incubation mixtures for determining the 
standard curve. The unknown crude insulin 
solutions were assayed simultaneously by sub- 
stituting 25 wl portions of them for nonradio- 
active insulin-albumin solution used in the 
standards. Incubation and hydrodynamic 
flow were carried out as described above. The 
B/F ratio found for the unknown sample was 
read against the standard curve to obtain its 
insulin content. Animal experiments. 350 
male mice, aged 6-8 weeks and weighing 15- 
18 g, either fed or starved 18 hr, were used. 
Only animals varying less than 10% in weight 
were used on a given day. The mice were 
given by intubation 1.5 mg tolbutamide, either 
in 0.2 ml water or 50% glucose solution, and 
were sacrificed in groups of 4 at intervals 
during ensuing 3 hr. An equal number of 
control animals, given either water or 50% 
glucose solution by intubation, were killed at 
same intervals. Mice in each group were 
stunned, then partially decapitated. From 
each animal, 0.1 ml of jugular vein blood was 
taken and pooled for blood sugar determina- 
tion(13). The tail of the pancreas, which con- 
tains most of the islet tissue(14) and is com- 
pact and comparatively free of fat, was re- 
moved and placed in chilled saline. The excised 
organs from each group of 4 animals were 
pooled, washed for 5 min in chilled saline, 
blotted dry and weighed. To precipitate the 
protein, the pancreas (350-400 mg _ wet 
weight) was added to 4 ml of (v/v) chilled 
saline-10% trichloroacetic acid. After homo- 
genization and centrifugation, the insulin was 
extracted from the precipitated protein with 
acidic alcohol (15 ml 12 N HCl diluted to 1 L 
with 75% ethanol) and further purified by 
the method of Grodsky and Tarver(7). The 
final precipitate of crude insulin was dissolved 
in 0.01 N HCl to give a volume of 0.5 ml. 
Other organs besides pancreas were treated in 
similar manner. In assaying, 25 pl of this un- 
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TABLE I. Assay of Extractable Insulin from 
Various Tissues of the Mouse. 


Extractable 
insulin, 
ug/g tissue 
Pancreas (tail) 12 25-42 
Liver 4 0 

100 wg insulin 


No. of de- 


Tissue terminations 


: 8* 85.7 
g tissue (S.D.= 8.2%) 
Spleen, brain, kidney, lung, 2 each 0 
heart, intestine 


* Refers to No. of repeated determinations of a 
single sample. 


known insulin solution was incubated with an- 
tisera, insulin I**! and urea solution as de- 
scribed above. After B/F ratio was determined 
and amount of insulin in the 25 »l sample was 
obtained from the standard curve, insulin 
concentration/g of organ was equal to: 


insulin conc. of aliquot x 20 x 1000 


mg tissue 


Results. Table I records values obtained 
for extractable insulin from various tissues of 
the fed mouse. Of tissues investigated, only 
the pancreas contained detectable levels of in- 
sulin (25-42 pg/g tissue). The efficiency of 
the acid-alcohol extraction procedure is not 
known. When insulin-I'*! was added to pan- 
creas and the mixture extracted in the de- 
scribed fashion, only 45-55% of the label was 
recovered; the greatest loss occurred during 
first step of extraction procedure. Higher 
yields (74%) were obtained by Bornstein- 
Downie method(15), but this method was un- 
satisfactory because the extracted proteins 
were insoluble at neutral and alkaline pH’s 
required for assay. 


Recovery of insulin added to extract of 
liver by binding method of assay was 85.7%. 
The precision of the method was indicated by 
the S.D. of 8.2% obtained after repeated as- 
says of a single sample. 

Fig. 2 shows the effect of 1.5 mg of tolbuta- 
mide on blood sugars and extractable insulin 
measured in 140 fed and fasted mice. In each 
experiment (20 animals), blood sugars de- 
creased 25-50% within 60 min. Addition of 
50% glucose during intubation increased ac- 
tual glucose levels but did not affect percent- 
age change after administration of tolbuta- 
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mide. Intubation of water alone did not af- 
fect blood sugar levels. 

Changes in amount of extractable insulin 
after administration of tolbutamide did not 
correlate with the drop in blood sugar. In 5 
experiments involving 100 fed or starved mice 
(not counting controls), insulin levels re- 
mained constant despite severe hypoglycemic 
response. On 2 separate occasions, once in 
fed and once in starved mice, a decrease in ex- 
tractable insulin was observed. The associ- 
ated hypoglycemia, however, was less, or no 
more severe, in these animals than in similarly 


treated mice whose insulin levels remained — 


unchanged. 


It has been suggested(16) that the effect of — 


tolbutamide on insulin secretion can be en- 


hanced by simultaneously giving glucose to — 


stimulate pancreatic insulin production. Our 
data show that intubation of 50% glucose did 
not modify the effect of tolbutamide on levels 
of pancreatic insulin. 

Discussion. Binding of insulin-I"*! to anti- 
sera forms the basis of an assay method for 
extractable insulin which is chemically spe- 
cific for the protein molecule, rather than be- 
ing dependent on physiological action of the 
hormone. Steroids, growth hormone, tolbuta- 
mide and glucagon do not interfere with the 
assay(10). Drawbacks of the method are its 
complexity and the necessity for assuming 
that mouse insulin and the crystalline beef- 
pork insulin used in making the standards 
have the same capacity for binding to the anti- 
serum. Nevertheless, the values of 25-42 pg 


of insulin/g of mouse pancreas, found in this’ 


study, are comparable to those obtained with 
other methods(unpublished). The actual in- 
sulin content of pancreatic tissue may be con- 
siderably higher than the reported values, 
since studies with insulin-I’* show only a 
50% recovery after extraction. This recovery 
value cannot be used to correct for total in- 
sulin content of pancreas, however, since re- 
portedly crystalline insulin may not have the 
same extraction characteristics as endogenous 
or crude insulin(17). 

Our studies on immediate effect of tolbuta- 
mide indicate that depletion of extractable in- 
sulin in mouse pancreas is not consistently 
seen in conjunction with appearance of hypo- 
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glycemia. These findings are in line with re- 
ports that degranulation of islet cells(18) or 
deposition of glycogen into dorsal fat(16) does 
not occur after short-term treatment with sul- 
fonylureas. Contrary to hypothesis in the lat- 
ter report, the pancreatic insulin level re- 
mained unchanged when glucose was admin- 
istered together with tolbutamide. 

The failure to observe depletion of insulin 
does not necessarily exclude the possibility 
that tolbutamide stimulates secretion of small 
quantities of insulin. Because of the limita- 
tion of the method a depletion of 15-25% of 
total insulin content of the pancreas would 
not be detectable; however, such an amount 
represents sufficient secretion of insulin (0.7- 
1.0 pg) to effect a severe hypoglycemia in the 
mouse. Also, if secretion of insulin were fol- 
lowed by rapid insulinogenesis, a net change 
in pancreatic insulin might not occur. On the 
other hand, the data are compatible with the 
concept of an extrapancreatic action of tolbu- 
tamide. Possibly the pancreas is producing an 
unknown hormone with chemical structure 
different from that of insulin, capable of ex- 
erting a hypoglycemic effect. Tolbutamide 
may act on the pancreas to stimulate secretion 
of this hormone. The existence of such a sub- 
stance, although speculative, would explain 
why tolbutamide activity reportedly requires 
a functioning pancreas but does not elicit con- 
sistent changes in content of chemically meas- 
urable insulin. 

Summary. The new method for immuno- 
chemical assay of extractable insulin from the 
pancreas described in this report is based on 
the change in binding of insulin-I'*" to insulin 
antibodies in the presence of varying quanti- 
ties of unlabeled insulin. The method was 
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used to study changes in extractable pancre- 
atic insulin after administration of tolbuta- 
mide to normal mice. Although tolbutamide 
caused a sharp decline in blood sugar within 
2 hours of administration, a consistent de- 
crease of insulin in the pancreas was not ob- 
served. 
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Interference Between Coxsackie Viruses in Mice. (24846) 


HERIBERT WEIGAND (Introduced by Gilbert Dalldorf) 
Division of Labs. and Research, N. Y. State Dept. of Health, Albany 


Multiple infections with enteric viruses are 
of considerable interest and possibly of im- 
portance to the ecology of enteric virus dis- 
eases(1). The interfering effect of Group B 


Coxsackie virus infection on poliomyelitis has 
been extensively studied. More recently, it 
was found that combined infection with cer- 
tain Group A viruses and an attenuated polio- 
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TABLE I. Properties of Virus Strains Used. 


No. of Usual titer 


Strain passage usedt of pools 
Coxsackie Al #:48249* 88 10-8: 
NIH ABLV (A7) #56135 10 10-58 
Coxsackie A1O #50548 19 10-85 

ef Al4 #52113§ 11 10-75 
"s A21 #55161 16 10-42 
*, Bl #49683 4 1077-7 
si B5 #53122 14 10-40 


* Type collection No. 

+ Passages in baby mice after receipt in this lab- 
oratory. 

{ Titered in baby mice. 

§ Titer in adult mice if inj. intracer. NOS amerate 
inj. intraper. 10°". 
virus resulted in more severe disease than 
either virus alone was capable of causing(2). 
This prompted the present study of a number 
of combined Coxsackie virus infections and 
the discovery that certain of them interfere 
with development of paralysis due to infection 
with a strain of Al4 virus. 

Materials and methods. Viruses. Cox- 
sackie strains used are shown in Table I. 
The exceptional features of the Coxsackie A14 
strain* and the ABIV virus,t a strain of 
Group A, Type 7, Coxsackie virus, have been 
described(2,3). Other members of Group A 
viruses seldom cause morbid effects in adult 
mice inoculated intracerebrally, and none, 
with certain exceptions, mentioned later, when 
injected intraperitoneally. Coxsackie Group 
B strains used have not induced apparent dis- 
ease in adult Albany mice. All strains were 
cultivated in newborn mice. Ten % leg sus- 
pensions? were used as virus seed. They were 
pooled and stored at —20°C and thawed but 
once. Amount of inoculum was 0.03 ml (in- 
tracerebrally or intramuscularly) and 0.05 ml 
(intraperitoneally). The titers are shown in 
Table I. Young adult mice from the Albany 
colony weighing between 10-12 g were pooled 
and redistributed by random sampling. Ani- 
mals were observed daily and response to in- 
fection judged by appearance and manifesta- 
tion of paralysis or death. Period of observa- 


* Received from Dr. J. H. S. Gear, Johannesburg, 
S. Africa. 

t Received from Dr. K. Habel, Nat. Inst. Health, 
Bethesda, Md. 

{In case of Group B viruses, there was no differ- 
ence in titer between brain and leg suspensions. 
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tion was 3 weeks. The symptoms were fre- 
quently confirmed by histologic examination. 

Results. Preliminary tests. Groups ef 8 
mice were inoculated simultaneously with 2 
Group A viruses, either intracerebrally or in- 
traperitoneally. Control mice received equal 
amount of 10% normal baby mouse leg sus- 
pension in substitution for the second virus. 
No unusual effect was observed. Whenever 
Al4 was involved, many mice were severely 
paralyzed, while combinations of other Group 
A viruses showed only minor results and only 
if injected intracerebrally. However, the out- 
come was remarkably different when certain 
viruses were inoculated intraperitoneally at 
2-day interval. In all tests in which Al4 was 
used as challenging virus (with exception of 
ABIV/A14 combination), rate of paralysis 
was significantly lowered. 

Coxsackie A10 and A14. To obtain more 
precise information about the time factor, 14 
groups of 18 mice each were inoculated intra- 
peritoneally with Coxsackie A10 virus and 
simultaneously and at various intervals chal- 
lenged with A14 strain using same route of in- 
oculation (Fig. 1). Control animals for both 
virus strains received 10% normal baby mouse 
leg suspension as substitute for second virus. 
Paralysis was again less frequent in the 2-day- 
interval group. Only one of 18 mice injected 
with both viruses became paralyzed, while in 
the corresponding A14 control group 12 of 18 
mice responded. Rate of paralysis was greater 
in those tests in which Al4 was inoculated 2% 
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FIG, 1. Interfering effect of Coxsackie A10 and 
A21 on Coxsackie Al4 in adult mice when inj. 
simultaneously and at various intervals using the 
intraper, route. Sim. = simultaneously. Black 
circles = A10 and A21 control. Dotted circles — 
Al4 control (mean results of both tests). Triangles 
= Al0 + Al4 test. Dotted squares — A21 + Al4 
test. 
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TABLE II. Response of Adult Mice to Coxsackie 
A10 + Al4 When Given Intraperitoneally at 2- 
Day Intervals. 


Mean of recipro- 
cal of response 
SYN 
No. mice No. mice ( ) 
tested paralyzed N 


A10 controls* 100 2 .0021 
Al4 ae Vee 78 1083 
Al0+Al4test ” 21 .0237 


* Both control groups received normal baby 
mouse leg suspension as substitute for the second 
virus, 

+ S1/ti = Sum of reciprocal of response (ineu- 
bation time and paralysis). N—No. of mice tested. 


to 31% days after A10. A second phase of less 
paralytic response was observed when mice 
were given both viruses 4-6 days apart. Rate 
of paralysis rose gradually, but thereafter did 
not reach the rate of control animals at inocu- 
lation interval of 10 days. In A10 control 
group, which had received the virus and nor- 
mal leg suspension simultaneously, one mouse 
was paralyzed. 

The interfering effect of A10 virus on A14 
at the 2-day interval was confirmed in a sec- 
ond experiment (Table II) in which 100 mice 
were used in each group. Among A14 con- 
trols, more than 31% times as many (57% 
more) mice became paralyzed than among 
those that had received both viruses. Two of 
. the 100 A10 control mice became paralyzed. 

In both experiments, the interfering effect 
resulted in fewer paralyzed mice, but not in 
less extensive paralysis or prolonged incuba- 
tion time. 

The effect of route of 
tested in a third experiment. Ten mice were 
used for each group and time interval. Mice 
were not protected against the effects of Al4 
virus given intracerebrally and intramuscular 
inoculation of Al0 was much inferior to the 
intraperitoneal route. 

Coxsackie A21 and A14. Twenty mice in 
each group were inoculated at a time. Both 
strains were given intraperitoneally. Although 
the effect of A21 on Al4 (Fig. 1) was quanti- 
tatively less than that of A10, the lowest rate 
of paralysis was again in test group inoculated 
at 2-day interval. Again, the number of para- 
lyzed mice increased in groups inoculated at 
2¥%4- and 3-day intervals and a second phase 


inoculation was 
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of interference was observed when the interval 
was 3% or 4% days. Later, the paralytic 
rate increased and no interference was evident 
when the interval was 8 days. Nor did inter- 
ference result when other routes of inoculation 
were used. The outcome was similar to that 
with A10 virus. 

Coxsackie A1 and A14. The AI strain in- 
terfered with A14 strain as effectively as did 
the A1O virus. Only one of 10 mice which 
had received both agents at 2-day interval was 
paralyzed, while in the Al4 control group 8 of 
10 mice were paralyzed. 

A7 and A14. Groups of 10 mice each were 
tested with both strains simultaneously and 
at intervals up to 6 days. The results con- 
firmed the preliminary tests. While fewer 
animals were paralyzed at 1- and 3-day inter- 
vals, the number of mice responding at the 
2-day interval was almost equal to those of 
controls. 

Coxsackie B1 and Al14. Preliminary tests 
showed a B1 strain had no effect on outcome 
of Al4 when inoculated simultaneously or 2 
days previously to the latter. In a second 
experiment, intervals were extended to 30 
days. Ten mice were used for each group, and 
both viruses given intraperitoneally (Fig. 2). 
A first, short phase of interference appeared 
in test group injected at 6-day intervals, fol- 
lowed immediately by very sharp increase of 
response in mice inoculated at 7-day interval. 
A subsequent second phase of interference 
lasted through groups which received both 
viruses 9-12 days apart. Rate of paralysis 
rose in 13-15 day groups and again decreased. 
No paralysis occurred among mice injected 
20 days previously with B1. However, 3 mice 
of 10 became paralyzed at 30-day-inoculation 
interval. 

Coxsackie B5 and A14. Both viruses were 
given at intervals up to 15 days in the same 
sequence as before, using same number of 
mice. By taking half-day intervals whenever 
an effect was expected, the results more pre- 
cisely revealed time range of single phases of 
interference. 

Discussion. The experiments show that a 
number of Coxsackie virus infections may 
suppress frequency of paralysis induced by 
adult mouse paralytogenic strain of Al4 virus. 
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Obviously paralysis is a convenient but lim- 
ited criterion of interference and interrela- 
tionships of these agents require extensive in- 
vestigation using other measures of interfer- 
ence. Likewise, the effect of route of inocula- 
tion needs to be explained, presumably in 
terms of pathogenesis of the disease in mice. 
Such studies might also explain the meaning 
of the effect of time. The experiments sug- 
gest that those viruses which do interfere do 
so by preventing invasion of central nervous 
system by A14 virus, since there has been no 
evidence that the evolution of paralysis was 
modified once it occurs. The data have, for 
example, been compared using Gard’s method 
(4) in which the reciprocal of incubation in- 
terval is used without evidence that paralysis 
was significantly delayed. 

It is of some interest that the interfering ef- 
fect of Group B viruses was of longer duration 
than that due to Group A viruses. It was 
quite similar to values reported elsewhere(5) 
when a poliovirus rather than Al4 was used 
as challenge. The similarity of the disease in 
mice caused by the Al4 Coxsackie and Type 
2 poliovirus matches the similarity of the in- 
terference. 


PsEUDOPREGNANCY IN UTERINE-TRAUMATIZED HAMSTERS 


Summary. 1) Young adult mice were in- 
fected simultaneously and at various intervals 
with Coxsackie Group A and B viruses. Un- 
der certain circumstances, representatives of 
both groups interfered significantly with 
adult-mouse-adapted A14 strain, resulting in 
fewer mice becoming paralyzed. 2) The grade 
of interference depended on time interval be- 
tween injection of interfering and challenging 
virus, and on route of inoculation. No inter- 
ference could be observed when both viruses 
were injected by different routes. 


I am indebted to Doctor Dalldorf for his encourage- ~ 
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Duration of Pseudopregnancy in Normal and Uterine-Traumatized 


Hamsters. 


(24847) 


GEORGE C. KENT, JR. AND GLapys ATKINS 
Dept. of Zoology, Physiology and Entomology, Louisiana State University, Baton Rouge 


Numerous studies have indicated that uter- 
ine trauma in pseudopregnant rats and cer- 
tain other mammals results in prolonging 
pseudopregnancy and that, in rats at least, 
extent of prolongation is dependent on num- 
ber of deciduomata induced. This study was 
designed to ascertain whether or not pseudo- 
pregnancy in golden hamsters may be affected 
similarly. 

Methods. Seventy-one cyclic female ham- 
sters, most of which had exhibited one previ- 
ous pregnancy, were sterile-mated and on the 
fourth night thereafter, if neither vaginal nor 
psychic estrus was manifest, 2, 4, or 15 inter- 
rupted sutures were sewn into each uterine 


horn. Nightly thereafter vaginal smears were 
observed and willingness to mate was tested. 
Vaginal smears and mating responses of 52 
unoperated pseudopregnant animals also were 
observed nightly. Pseudopregnancy in all in- 
stances was considered as having terminated 
when psychic estrus was again exhibited. 
Twenty additional animals were employed in 
determining the optimal day for traumatiza- 
tion in order to induce maximum uterine re- 
sponses. At termination of pseudopregnancy 
the traumatized horns were examined grossly 
and microscopically for deciduomata. All 
hamsters were from the LSU colony, which 
has been inbred since 1943. 


CRE AND VASOPRESSIN in vivo 
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TABLE I. Duration of Pseudopregnancy in Normal and Traumatized Hamsters. 


Duration in days 


No. of r ~ Mean duration 
Group animals 7 8 9 WO ae By alt in days* 
Normal 52 6 40 5 1 9.08 + .84 
2 loops 22 3 17 2 8.95 + .48 
Zt 22 3 14 4 i 9.14 = .71 
OTe 27 il 5 11 5 2 2 1 9.44 +1.35 


* + stand. dey. 


Results. The duration of pseudopregnancy 
in the several groups is indicated in Table I. 
Differences between the means are not statis- 
tically significant. The observed duration of 
normal pseudopregnancy is in agreement with 
that reported earlier by Deanesly(1). 

At the end of pseudopregnancy gross exam- 
ination of horns with 2 or 4 sutures revealed 
enlargements at each site of trauma. Horns 
with 15 sutures were massive, exhibiting many 
enlargements which encroached on one an- 
other. Microscopic examination revealed the 
enlargements to be the result principally of 
stromal hypertrophy, often accompanied by 
evidence of an incomplete, localized decidual 
response. In some horns the uterine lumen 
was much reduced and displaced; in others, 
large detached masses of necrotic tissue occu- 
pied the uterine canal. Vaginal smears were 
not always estrual at the mating terminating 
pseudopregnancy. 

Discussion. The ineffectiveness of uterine 
trauma in prolonging pseudopregnancy prob- 
ably is attributable to induction of insufficient 


competent decidual tissue. No quantitative 
comparisons were made of the decidual re- 
sponses elicited among the experimental 
groups since no statistically demonstrable pro- 
longation had been effected, and the deciduo- 
mata were insufficiently differentiated to per- 
mit quantitative study. The ineffectiveness of 
uterine trauma in prolonging pseudopregnancy 
in mice also has been reported(2). 

Conclusion. An 8 to 10-day pseudopreg- 
nancy period occurs in most hamsters, the 9- 
day interval predominating. Hamsters ren- 
dered pseudopregnant by sterile mating do not 
exhibit a statistically significant prolongation 
of pseudopregnancy following uterine trauma, 
however massive, by interrupted sutures. The 
observations indicate species differences in lu- 
teal function in pseudopregnant hamsters as 
contrasted with rats. 


1. Deanesly, R., Proc. Zool. Soc., 1938, v108A, 31. 
2. Kamell, S. A., Atkinson, W. B., Proc. Soc. Exp. 
Bior. AND MeEp., 1948, v67, 415. 


Received March 9, 1959. P.S.E.B.M., 1959, v101. 


ACTH Releasing Activity in vivo of a CRF Preparation and Lysine 


Vasopressin.* 
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ROGER GUILLEMIN, WAYNE E. Dar, BuFrorp NICHOLS, JR. AND H. S. Lipscoms 
Dept. of Physiology, Baylor University College of Medicine, Houston, Texas 


This laboratory has previously reported 
(1) purification of a substance of hypothala- 
mic and/or neurohypophysial origin, which 
stimulates release of ACTH from anterior 
pituitary tissue surviving im vitro. From evi- 
dence then available, it was proposed that the 


hypophysiotropic activity observed was due 
to a substance with characteristics of a pep- 
tide and different from any of the several 
known neurohumors investigated.t It was 
also concluded that any physiological signifi- 
cance of these findings obtained with simple 


* Supported by Contract with School of Aviation 
Medicine, Randolph Field, Texas and USPHS 
Grants. 


+ On basis of similar results obtained independent- 
ly, Saffran and Schally proposed the name Cortico- 
trophin Releasing Factor (CRF) for this substance. 
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in vitro methods should have to be ascertained 
in vivo, in preparations in which stress-in- 
duced ACTH release can be inhibited by phar- 
macological means or hypothalamic lesion. 
The present report will show that crude CRF 
preparation fraction D, characterized on basis 
of its activity in vitro, stimulates release of 
ACTH with a linear log-dose response rela- 
tionship in animals with inhibition, by a hypo- 
thalamic lesion or administraton of nembutal- 
morphine, of the discharge of corticotrophin 
which normally follows upon exposure to 
stress. 

Materials and methods. 1. Materials. a. 
CRF Preparation used was fraction D pre- 
pared and characterized in vitro according to 
Guillemin e¢ al.(1). This particular batch 
(No. 300-6) of fraction D has a vasopressor 
activity of 0.4 U/mg when assayed against 
USP Posterior Lobe Reference Standard in 
the rat. b. Lysine vasopressin (LVP). A 
sample of purified vasopressin prepared by the 
method of Ward and Guillemin(2) was fur- 
ther purified using partition chromatography 
on paper with system m-cresol/H2O(3). 
After elution, the lysine vasopressin (Rf: 
0.82) had .a specific activity of 287 U/mg 
confirmed on 2 subsequent 4-point assays in 
duplicate on lyophilized material. Assays for 
pressor activity were performed in the rat, 
against USP Posterior Lobe Reference Stand- 
ard. 2. ACTH-release in morphine-nembutal 
blocked animals. 200 animals (rats, males, 
175-200 g B.W., Holtzman Farms, Houston) 
were used. Multiple doses of CRF fraction D 
and of highly purified lysine vasopressin were 
administered intravenously according to time 
schedule outlined in Fig. 1. Release of ACTH 
was assessed by variations of concentrations 
of plasma free corticosteroids using the fluoro- 
metric method of Silber as modified by Guil- 
lemin e¢ al.(4) using 2 ml of plasma, and also 
by adrenal ascorbic acid depletion method 
of Sayers et al.(5). In each experiment, 
whether one or multiple doses of CRF or vaso- 
pressin were tested, control animals injected 
with solvent were introduced in randomized 
fashion. Administration of nembutal and 
morphine, according to above schedule, was 
shown in preliminary experiments to inhibit 
the discharge of ACTH which normally fol- 
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FIG. 1. Schedule of administration of nembutal 
and morphine, intrav. inj. and blood sampling. 
When indicated on diagram, animals are placed on 
an electric blanket at 37.5°C in a 30” X 15” lucite 
box through which a mixture of 95% Os, 5% CO: 
is circulated at 8 l/min. 

FIG. 2. Stimulation of ACTH release by CREF 
fraction D and vasopressin in nembutal-morphine 
blocked rats. Simultaneous measurements of 
plasma corticosteroid levels and adrenal ascorbie 
concentrations. 


lows laparotomy, cannulation of carotid ar- 
tery, or injection in jugular vein. This agrees 
with original report of Munson and Briggs 
(6). 3. ACTH-release in animals with effec- 
tive hypothalamic lesion. a. 390 animals 
(rats, males, 220-250 g B.W., Holtzman 
Farms), were used. 18 to 19 hrs. after stereo- 
taxic placement of a lesion in median emi- 
nence of the hypothalamus (see below), all 
animals were tested for effectiveness of the 
block of stress-induced ACTH discharge as 
follows: they were placed in ether jar for 3 
min, allowed to recover, anesthetized again 12 
min later and 1.2 ml of blood taken from 
jugular vein exactly 15 min after beginning of 
stress period. Corticosteroid levels were de- 
termined immediately on 0.5 ml plasma(4). 
Animals with plasma corticosterone levels 
<20 pg/100 ml (see 7) were considered to 
have inhibition of corticotrophic response to 
stress. Twenty-four hrs. after placement of 
lesion, animals having shown inhibition of 
ACTH discharge when exposed to stress, were 
given Nembutal ip. (4.5 mg/100 g B.W.) 
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and 25 min. later, fraction D or vasopressin 
was injected in jugular vein. A sample of 
blood (1.2 ml) was taken from jugular vein 
15 min. later for measurement of plasma cor- 
ticosteroid levels. Stimulation of ACTH re- 
lease by injected material was assessed by 
comparing levels of plasma free corticosteroids 
of this sample with those of earlier sample ob- 
tained after exposure to stress. The sensi- 
tivity to ACTH of the rat with effective hypo- 
thalamic lesion was determined 24 hrs. after 
placement of lesion according to same proto- 
col, using. 0.5, 1.0 and 1.5 mU ACTH USP 
Standard. b. Hypothalamic lesion. A min- 
ute lesion of the posterior (bulbar) part of 
median eminence was made, using a high fre- 
quency generator, the electrodes placed with 
a modified Krieg-Johnson stereotaxic instru- 
ment. ‘The brains of all animals were pre- 
served at autopsy, and reconstructions of le- 
sion from frozen sections are available for each 
animal. A detailed study of lesions will be 
reported separately along with various physio- 
logical findings obtained in these animals. 4. 
Possible potentiation of circulating ACTH by 
fraction D. 24 hrs. after hypophysectomy, 
24 animals (rats, males, Holtzman, 150-180 g 
B.W.) were given 0.5 mU ACTH USP Stand- 
ard in 0.01 N HCl-saline followed exactly 60 
sec later by 10 pg or 50 pg of fraction D, both 
substances being administered intravenously. 
Adrenocorticotrophic activity was assessed 15 
min after injection of ACTH by measuring 
levels of plasma free corticosteroids(7). 
Results. 1. Stimulation of ACTH-release 
in nembutal-morphine “blocked” animal. The 
results summarized in Fig. 2 show that injec- 
tion of CRF fraction D stimulates release of 
ACTH with a linear log-dose response rela- 
tionship. Injection of lysine vasopressin is 
ineffective 7.e. does not stimulate release of 
ACTH, until a threshold of approximately 60- 
80 mU pressor activity is reached. A sudden 
discharge of ACTH is then observed, which 
seems to increase linearly with dose of vaso- 
pressin. The release of endogenous ACTH, 
stimulated by injection of fraction D as meas- 
ured by variations of plasma corticosteroid 
levels, can be obtained without changes of 
adrenal ascorbic acid concentration when 
these 2 variables are measured in the same 
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animals. Depletion of adrenal ascorbic acid 
occurs only upon administration of a dose of 
pressor activity of approximately 80-100 mU. 
ACTH-sensitivity of |nembutal-morphine 
blocked rat is of the order of the 24-hr. hypo- 
physectomized rat, when tested at multiple 
doses of ACTH USP standard, ranging from 
025 mU to 1.5 mU. 

2. Stimulation of ACTH-release in the rat 
with an “effective” lesion of median eminence 
of hypothalamus. The results are summarized 
in Table I. Of 390 animals with a lesion con- 
firmed by reconstruction of the brain, only 
107 had complete inhibition of stress-induced 
ACTH release according to our criteria i.e., 
measurements of plasma corticosteroid levels. 
The block bore no relationship to presence or 
absence of diabetes insipidus. 24 hrs. after 
placement of hypothalamic lesion, animals 
with complete block of response to stress have 
a sensitivity to ACTH which is definitely in- 
ferior to that of the 24 hr. hypophysectomized 
rat; the smallest effective dose of ACTH is 
1 mU vs. 0.1 mU for the hypophysectomized 
rat. 

Injection of multiple doses of CRF fraction 
D stimulates release of ACTH, with a linear 
log-dose response relationship. Additional 
data are necessary to ascertain whether the 
responses at higher doses of fraction D are 
really on a plateau, or simply scattered about 
the regression line. This observation may be 
related to the minor resistance to ACTH of 
adrenals of the 24-hr. hypothalamic lesioned 
rat. Lysine vasopressin does not stimulate 
discharge of ACTH in the hypothalamic- 
lesioned rat until a dose of 60-80 mU pressor 
activity is reached. Injection of 10 or 50 pg 
of fraction D, 60 sec after administration of 
0.5 mU of ACTH USP Standard in the 24-hr. 
hypophysectomized rat, did not alter (poten- 
tiate or diminish) the response of adrenals to 
the injected ACTH. Injection of multiple 
doses of fraction D (15, 30, 250 and 500 pg) 
in the 24-hr. hypophysectomized rat showed 
the material to have no direct adrenocortico- 
trophic activity or ACTH contamination 
using plasma corticosteroid or adrenal ascorbic 
acid concentrations as indicators of cortico- 
trophic stimulation. 

Discussion. The results would indicate 
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TABLE I. Effects of Various Doses of CRF Fraction D and Lysine Vasopressin (VP) on Plasma Cox 
ticosterone Levels of Rats with Median Eminence Lesion. 


Plasmaepd.B Amount  Pressor Plasma cpd.B Variations % variations 
No.of  afterstress, CREfr.D equivalent after CRF, plasma epd. B from control 
animals  yg/100 ml inj.inug inmU ug/100 ml in wg/100 ml p valuet level 
8 10:2 22 2:3* 20.0 8.0 GY) se + 6.6 + 2.0t 00 + 65 
is erie 7 40.0 16.0 26.3 + 1.9 14.9 = 2.4 <<. (il +132 
8 10.9 + 2.6 80.0 32.0 Sule ste 27 +20.7 + 3.0 <0! +190 
8 12.8 + 2.1 160.0 64.0 32.9) == 1.6 +20.1 + 3.5 <.01 +157 
5 4,2 + 1.0 320.0 128.0 27.4 +-1.7 + 23.3 + 2.0 <.01 +555 
Plasmaecpd.B  Pressor Plasma epd. B Variations % variations 
No.of  afterstress, amount of after LVP, plasma epd. B from control 
animals  ypg/100 ml LVPinmU- ug/100 ml in w4g/100 ml p valuet level 
9 ne ayse | ofl 2 4.0 14.5 + 2.9 + 3.0 + 2.2t >.2 0 
6 11.5 + 2.5 8.0 8.6 + 2.0 = Bee ly) =e 0 
9 12.0 + 1.2 16.0 10.5 + 1.2 = lS) Be ley == 0 
5 O29 SS 2 32.0 Ilys} a ese) + 8.4 + 3.3 >.05 0 
9 2s tale 64.0 20.5 + 2.4 + 84+1.9 << i te 10 
+ 12.3 + 1.0 128.0 26.3 + 3.2 +14.0 + 2.0 <i +114 


* Stand. error of the mean. 


+ Stand. error of the mean difference. 


t p calculated from t on values for plasma epd. B levels before and after CRF or vasopressin. 


that a substance in fraction D, different from 
vasopressin stimulates release of ACTH in 
vivo, in animals with hypothalamic lesion or 
pharmacological blockade of the discharge of 
ACTH induced by stress. These results are 
in agreement with earlier conclusions regard- 
ing corticotrophin releasing activity im vitro of 
fraction D and vasopressin(1). The failure 
of McCann(8) to observe stimulation of 
ACTH release in a similar series of experi- 
ments with materials corresponding to frac- 
- tion D seems to have been due to his using 
adrenal ascorbic acid depletion test as a cri- 
terion for ACTH stimulation: the same re- 
sults were observed here with this method, 
while in the same animals definite stimulation 
of corticoidogenesis due to endogenous ACTH 
release was evidenced (Fig. 2). The differ- 
ence of sensitivity of the 2 methods (see also 
7) may have accounted for these divergent re- 
sults, or the 2 parameters (ascorbic acid de- 
pletion vs. corticoidogenesis) may partake 
from different regulatory mechanisms(9). 
The dynamics of adrenal responses (ascorbic 
acid/corticoidogenesis) of the 24-hr. hypophy- 
sectomized rat to exogenous ACTH(7) and 
that of the 24-hr.-hypothalamic lesioned rat 
to CRF are remarkably similar. If the ratio 
for these responses (ascorbic acid /corticoido- 
genesis) were different in the normal ani- 
mal when exposed to stress, the question 
would be raised anew(10) as to whether 


ACTH alone can account for the whole adre- 
nal response upon exposure to stress. This 
point deserves undoubtedly attentive investi- 
gation. 

The argument of McCann (in 8) on differ- 
ences of specific activity of fraction D and 
vasopressin in stimulating release of ACTH is 
difficult to follow. Such comparisons are sig- 
nificant only when dealing with pure ma- 
terials. Fraction D is a crude peptide mixture 
made by a single chromatographic separation 
and which, upon further purification by elec- 
trophoresis, reveals multiple components one 
of which only (fraction D-delta) has hypo- 
physiotropic activity and accounts for about 
1/100th of the weight of fraction D(1). No 
such material was available for our experi- 
ments. However, a purified CRF prepared by 
carboxymethylcellulose chromatography has 
been reported by this laboratory, more potent 
in releasing ACTH in nembutal-morphine 
blocked rat than its equal weight of lysine 
vasopressin(11). Comparison of respective 
specific ACTH-releasing activity of CRF and 
vasopressin will have to await availability of 
pure CRF. Stimulation of ACTH release by 
large doses of vasopressin in animal with an 
effective hypothalamic lesion confirming the 
original observations of McCann(12) is best 
explained by attributing inherent CRF-activ- 
ity to the molecule of vasopressin. This over- 
lapping of physiological activities (pressor, 
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oxytocic, hypophysiotropic) for vasopressin 
and CRF may be tentatively related to pos- 
sibly close structural relationships between 
the 2 molecules(2,13). Available results do 
not eliminate the possibility(14) that these 
large doses of vasopressin may have potenti- 
ating effects on circulating ACTH and/or di- 
rect effects on the adrenal cortex. 

Summary. The CRF preparation fraction 
D stimulates release of ACTH in animals with 
hypothalamic lesion or pharmacological 
blockade, at doses where pressor equivalents 
as pure lysine vasopressin are inactive. Hy- 
pophysiotropic activity of fraction D observed 
in vitro is therefore confirmed in vivo and 
should be attributed to a substance different 
from vasopressin. 
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Taiwan is one area of the world in which 
sheep red blood cells (rbc) are not readily 
available. Sheep are not economical animals 
to raise on this island because of high mortal- 
ity from the liver fluke (Dicrocoelium dendri- 
ticum). Goats, however, are available. This 
investigation was undertaken to determine 
whether goat rbc could be substituted for 
sheep rbc in agglutination test for infectious 
mononucleosis(1). The study was designed 
solely to compare agglutination of goat cells 
with sheep cells when tested with serum con- 
taining heterophile antibody and not to evalu- 


* This study was supported in part by contract 
between Office of Naval Research and Univ. of Chi- 
cago. The opinions and assertions contained here- 
in are those of the authors and are not be con- 
strued as official or reflecting the views of the Navy 
Dept. or Naval Service at large. 


ate the clinical significance of these reactions. 
The ox cell hemolysin test was also performed, 
since this test had been recommended as a 
substitute for sheep cell agglutination(2,3), 
and ox cells can be easily obtained on Taiwan. 

Materials and methods. Serums: A total of 
161 serums were tested; 61 were from patients 
and 100 were considered normal controls. Of 
the patient serums 42 came from the USS. 
military dispensary, Taipei and 19 were ob- 
tained from the Univ. of Chicago Clinics 
(through the courtesy of Dr. Ross Benham, 
Director of the Clinical Microbiology Labora- 
tory). In each case the serum had been sub- 
mitted for determination of heterophile anti- 
bodies, indicating that infectious mononucleo- 
sis was being considered in the differential 
diagnosis. No effort was made to classify 
these patients by clinical criteria for diagnosis 
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TABLE I. Comparison of Sheep and Goat Red 
Blood Cell Agglutination by 100 Serums from 
‘“Normal’’? Young Adults. 


Rbe <i} ee 14 28 56. lal? 


Sheep 2 ‘ 9 0 0 0 
Goat 7 22 37 26 8 0 


= 
/ 


* Reciproeal of final serum dilution. 


of infectious mononucleosis. The 100 serums 
used as normal controls were obtained from 
the serological laboratory of Taipei County. 
They were negative for syphilis and came from 
young adults. Heterophile agglutination test: 
The differential test of Davidsohn(4) was 
carried out. In the presumptive test the serum 
was heat-inactivated only and tested with 
both sheep and goat rbc. In the differential 
test aliquots of the serum were absorbed with 
guinea pig kidney antigen and beef red cell 
antigen. Each aliquot was then tested with 
both sheep and goat rbc. Ox cell hemolysin 
test: The method followed was that published 
by Mikkelsen, et al.(3) except that 0.2 ml 
amounts (rather than 0.5 ml) of serum, com- 
plement and ox cells were employed. Source 
of rbc: Sheep (Ovts aries) blood, goat (Capra 
hircus) blood and ox (Bos taurus) blood were 
obtained from the Taiwan Serum and Vaccine 
Laboratory. The only source of sheep rbc on 
the island is from the sheep maintained in that 
laboratory for experimental purposes. 
Results. The results of testing 100 sera in 
the presumptive test with sheep and goat rbc 
to determine the “normal” range of agglutina- 


tion are shown in Table I. Only 28 of these 
serums caused agglutination of sheep rbe (at 
1:7 and 1:14 dilution) while most of the se- 
rums did agglutinate goat rbce in dilutions 
ranging up to 1:56. 

Table II shows the results of testing the 61 
serums from patients in the differential agglu- 
tination test with both sheep and goat rbc and 
in the ox cell hemolysin test. The serums are 
grouped according to their reaction in the pre- 
sumptive test with sheep rbc. The 27 serums 
ageglutinating sheep rbc in dilutions from 1:56 
to 1:3584 in the presumptive test may be con- 
sidered “positive” since absorption with 
guinea pig kidney antigen failed to remove the 
reacting antibody while it was completely re- 
moved by beef rbc antigen. These same 27 
serums agglutinated goat rbc at dilutions rang- 
ing from 1:448 to 1:7168. Again absorption 
with guinea pig kidney failed to remove the 
antibody while beef rbc reduced the titer to 
the range found with the normal serum. Thus, 
the reaction in the goat cells was similar to 
that in the sheep cells except for a higher titer 
which averaged about 4-fold. These 27 se- 
rums all reacted in the ox cell hemolysin test. 
The next 31 serums listed in Table II showed 
“negative” reactions in the differential test 
with both sheep and goat rbc. Any antibody 
measured in the presumptive test (up to 1:28 
with sheep rbe and up to 1:112 with goat rbc) 
was completely removed by guinea pig kid- 
ney and frequently not removed by beef rbc. 


TABLE II. Results of Tests of 61 Serums from Patients with Possible Infectious Mononucleosis. 


7——Sheep-rbe-ag glutination—\ 


—— Goat-rbe-agglutination———_, 


No. of serum Absorbed @ Absorbed Absorbed@ Absorbed 
@same sheep Presump- guineapig ¢ beef Presump- guinea pig é beef Ox-cell 
rbe titer tive test kidney rbe tive test kidney rbe hemolysin 

1 3584 3584 0 3584 3584 0 6144 
6 1792 448-1792 0 3584-7168 896-1108 0-56 384-6144 
6 896 224— 448 0 896-3584 448-1792 14-28 96— 768 
3 448 56— 224 0 1792-3584 896-3584 14-28 192— 768 
3 224 28— 112 0 896-1792 224— 896 14-28 48— 384 
4 112 28— 112 0 448— 896 56— 448 0-28 48— 192 
+ 56 28 0 448— 896 112-1792 0-28 24— 48 
2 28 0 7 56— 112 0 56 0 
5 14 0 0 28— 56 0 14-28 0—nt 
if 7 0 0 14— 56 0 7-14 0—nt 
17 0 0 0 0— 28 0 0-14 0—nt 
* 14,14,0- © 140, 0 0, 0,0 28, 28, 28 28, 14,14 0, 0,0 nt, 0, 0 


Results are expressed as the reciprocal of final serum dilution. In agglutination test 0 = <7.. In he- 


molysin test 0 = <6. 


* Three serum with unusual low titer reaction patterns. 


nt — not tested. 
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Again, agglutination in goat rbc closely paral- 
leled sheep rbc agglutination except that the 
titer was higher with goat cells. Fifteen of 
these serums were tested by ox cell hemolysin 
and none reacted. 

The last 3 serums at bottom of Table II 
showed a low titer reaction different from 
other negative ones. The titer of antibody in 
the presumptive test (1:14 with sheep rbc 
and 1:28 with goat rbc) was too low to be 
considered positive, but it was not removed 
by absorption with guinea pig kidney in 1 se- 
rum with sheep cells and in all 3 serums with 
goat cells. It was removed in each case by 
beef rbc antigen. Two of these serums were 
tested in the ox cell hemolysin test and failed 
to react. 

Summary and conclusions. Sera from 61 
patients showed similar reactions with both 
sheep and goat rbc in the differential agglu- 
tination test for infectious mononucleosis. 
Twenty-seven sera caused positive differential 


113 


agglutination with both sheep and goat rbc 
and reacted in the ox cell hemolysin test. No 
other sera reacted positively in any of the 
tests. Goat cells reacted with higher dilution 
of serum than sheep cells with both patient 
serums and with 100 normal serums. A posi- 
tive reaction in goat rbc was of approximately 
4-fold higher titer than with sheep rbc. With- 
in limits of these investigations it is concluded 
that the differential agglutination test with 
goat rbc and the ox cell hemolysin test gives 
the same laboratory information for diagnosis 
of infectious mononucleosis as is obtained 
from the sheep rbc agglutination test. 
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Since a potent mouse leukemia virus 
(Gross) has been developed by serial cell-free 
passage through newborn mice of an Ak-leu- 
kemia-derived agent(1,2), an attempt was 
made to determine whether leukemic filtrates 
containing this agent would agglutinate, or 
hemolyze, mouse red blood cells (rbc) 7m vitro. 
In preliminary tests, heated (60°C ™% hr) fil- 
trates were also used, as controls. The sur- 
prising observation was made that fresh fil- 
trates were with rare exceptions essentially in- 
active, whereas heated filtrates had consis- 
tently a distinct agglutinating effect on mouse 
erythrocytes. Experiments were therefore car- 
ried out to determine some of the conditions 


* Aided, in part, by grants from Damon Runyon 
Memorial Fund, and Am. Cancer Soc. The author 
gratefully acknowledges excellent technical assis- 
tance of Eleanor R. Mada. 


related to agglutinating action of mouse leu- 
kemia filtrates on mouse rbe in vitro. 
Methods. Filtered (Selas 02) extracts of 
20% concentration were prepared in usual 
manner(1-3) from C3H donors with primary, 
passage A(1,2) virus-induced leukemia. Part 
of extract was placed in ice-water at 0°C, and 
used within a few hours for the test. Another 
part of extract was heated at 55°C for % 
hour. In a few experiments, extracts were 
also heated to temperatures varying 40° to 
60° for % hour. Similar extracts were pre- 
pared from spontaneous Ak mouse leukemias, 
from several spontaneous C3H mouse mam- 
mary carcinomas, from x-ray induced C3H 
leukemias, from normal organs (spleen, liver, 
heart, lungs, kidneys, testicles), and embryos, 
removed from young healthy C3H mice. Red 
blood cells were obtained by heart puncture, 
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TABLE I. Agglutination of Mouse RBC by Heated (56°C 4% Hr) Filtrates from (a) Passage 
A Leukemic, (b) Spontaneous Ak Leukemic, and (¢) Normal C3H, Donors. 


Extracts No. of ex- 


No. of extracts agglutinating in dilutions 


from donors tracts tested 1:20 1:40 1:80 1:160 1:320 1:640 1:1280 
Passage A leuk. 18 18 Wi 16 13 6 2 0 
Spontaneous Ak leuk. 10 a 5 3 2 a 0 0 
Normal C3H 9 5 2 1? 0 0 0 0 


performed with light ether anesthesia, from 
young healthy C3H or C3H(f) mice. Ina 
few experiments, red blood cells were also 
obtained from young, healthy Ak mice, and 
also from guinea pigs, and rabbits. Suspended 
first in physiological saline solution mixed 
with sodium citrate to prevent coagulation, 
they were washed twice briefly, with, and then 
resuspended (1%) in, chilled sterile physio- 
logical saline solution. Erythrocytes were 
used within a few hours after removal from 
animals’ blood circulation. The extracts 
tested were distributed in Kahn tubes (11 x 
75 mm) in serial dilutions (0.5 ml/tube) ; 
equal amount (0.5 ml) of freshly prepared 1% 
tbc was then added to each tube. Final con- 
centration of rbc was 0.5%. Most tests were 
carried out at +4°C temperature. Several 
tests were carried out at room temperature 
(21°C), and a few in incubator at 37°C. Ex- 
cept for tests carried out at incubator temper- 
ature, where readings were made after 4 to 6 
hours, in all other tests at refrigerator and 
room temperatures cells were allowed to settle 
overnight, and the results read next morning 
by the pattern method. 


Results. Agglutinating action of leukemic 
passage A filtrates was consistent in dilutions 
up to 1:160 and sometimes up to 1:320 or 
1:640, provided that heated (55°C % hr) 
extracts were used for the tests (Table I). 
Fresh leukemic filtrates had only occasionally 
a “questionable” agglutinating effect in either 
highest (1:20) concentration or, curiously, in 
one of the higher dilutions (1:80 or 1:160). 
Most fresh leukemic filtrates tested, however, 
were in all dilutions completely inactive on ag- 
glutination tests. 


Heating of leukemic filtrates for % hour 
to 40°, 45°, or 50° was insufficient to bring 
out their full agglutinating potency. Heating 
to 55°C for 30 minutes was sufficient, and was 
used routinely. Extracts retained their ag- 


glutinating activity after heating at 60°C for 
Y% hour. In one experiment the extract was 
boiled 5 minutes, and still retained its agglu- 
tinating potency. Heating of leukemic fil- 
trates to 55°C for 1% hour caused formation 
of a precipitate which could be readily sedi- 
mented by centrifugation at 3,000 rpm for 5 
to 10 minutes. The resulting clear supernate 
was inactive on agglutination tests, whereas 
the resuspended sediment proved highly ac- 
tive. 

C3H mouse erythrocytes were found most 
suitable, slightly more sensitive than those 
from Ak mice, and were used routinely for 
the tests. Guinea pig and rabbit erythrocytes 
were also agglutinated by heated (55°C % 
hr) leukemic extracts, but to a lesser extent. 

Effect of temperature on agglutination. Ag- 
glutination tests were routinely carried out 
at +4°C. The heated (55°C % hr) leu- 
kemic filtrates agglutinated rbc also at room 
temperature (21°C); there was no elution of 
agglutinin. The tests appeared more sensi- 
tive, however, when carried out at +4°C. 
When a few tests were carried out at 37°C, 
agglutination also occurred, although in some 
tubes at least, it was accompanied by a slight 
hemolysis. Agglutinating potency of leuke- 
mic filtrate was not inactivated by leaving the 
extracts, prior to mixing with rbc, for several 
hours at room temperature. In one experi- 
ment the filtrate was kept at 21°C for 5 hours, 
then heated (55°C ¥% hr) and finally mixed 


FIG. 1. Agglutinating action of heated (55°C, %4 
hr) passage A leukemie filtrate on C3H mouse 
erythrocytes. Results read by pattern method, look- 
ing at bottom of tubes in mirror. Cells were al- 
lowed to settle overnight at +4°C temperature. 
Back row (top): heated extracts agglutinating in 
dilutions up to 1:320. Front row (bottom): fresh 
filtrates; no agglutination. 
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with rbc. In another experiment, the filtrate 
was first heated (55°C 1% hr), then left at 21° 
C for § hr and finally mixed with rbe. In both 
experiments agglutination resulted exactly as 
in simultaneous controls carried out with fil- 
trates heated and mixed with rbc immediately 
after preparation. 


Ultracentrifugation of leukemic filtrates 
prior to heating did not sediment the agglu- 
tinin. In 2 experiments, passage A leukemic 
filtrates were centrifuged in Spinco Model L 
ultracentrifuge at O°C, using Swinging Bucket 
rotor SW 39, at top speed 40,000 rpm (aver- 
age 125,000 x g) for 45 minutes. The result- 
ing supernate was then heated (55°C % hr) 
and mixed with rbc. In both experiments 
ultracentrifugation did not affect agglutinat- 
ing potency of leukemic extracts. Heated su- 
pernate was active on agglutination tests as 
the original extract. Since leukemogenic and 
oncogenic activity of extracts had been previ- 
ously found to be sedimented after centrifuga- 
tion for only 30 minutes at 40,000 rpm using 
rotor SW 39(4), it appears that agglutinin is 
separable from leukemic virus and related on- 
- cogenic agents present in the leukemic fil- 
trates. 


Filtrates from x-ray-induced-leukemia were 
tested, using either C3H donors with primary 
x-ray-induced-leukemia (150 r, total body, 4 
times, at weekly intervals), or those with pas- 
sage X virus induced leukemia(5). ‘Two fil- 
trates were prepared from primary x-ray-in- 
duced-leukemia, and both agglutinated when 
tested after heating (55°C 4 hr), none when 
fresh. Two passage X filtrates were tested, 
and both agglutinated, but only after heating, 
in dilutions to 1:160. 


Filtrates from spontaneous Ak mouse leu- 
kemia were also tested. Fresh Ak filtrates 
had no agglutinating effect on either Ak or 
C3H rbc. Heated (55°C % hr) filtrates ag- 
glutinated in some instances only, and in 
higher concentrations. Of 10 filtrates tested, 
3 did not agglutinate at all (Table I). 


Filtrates from spontaneous C3H mouse 
mammary carcinomas were tested in 3 experi- 
ments, using for extracts either single mam- 
mary carcinomas, or several pooled mammary 
tumors. Neither fresh, nor heated (55°C % 
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hr) filtrates had an agglutinating effect on 
C3H mouse erythrocytes. 

Fresh filtrates from normal organs (liver, 
spleen, heart, lungs, kidneys, testicles) from 
young, healthy C3H(f) mice had no agglu- 
tinating effect. Of 9 heated (55°C 1% hr) 
normal organ filtrates tested, 5 agglutinated 
in dilutions 1:20, and 2 of these also in dilu- 
tion 1:40 (Table I); the remaining extracts 
were inactive in all dilutions tested. 

A filtrate was also prepared from normal 
C3H embryos ; no agglutination resulted when 
either fresh or heated (55°C % hr) embryo 
filtrate were mixed with C3H erythrocytes. 

Serum neutralization. In 3 experiments, 
serum obtained from a rabbit that had re- 
ceived several weekly injections of passage A 
leukemic filtrates was inactivated (56°C % 
hr). Normal inactivated rabbit serum was 
used in a simultaneous control experiment. 
Heated (55°C 1% hr) passage A leukemic fil- 
trate was first tested for agglutinating potency 
and the highest dilution (usually 1:80 or 
1:160) which still caused agglutination was 
determined; the last 2 highest dilutions of leu- 
kemic filtrate which were able to cause agglu- 
tination were then used for serum neutraliza- 
tion tests. Serial dilutions of either immune 
serum (0.25 ml), or normal serum in the 
simultaneous control series, were then mixed 
with equal quantities (0.25 ml) of proper 
dilutions of leukemic filtrate and incubated at 
room temperature for 1 hour. Mouse rbc 
(1%) were then added (0.5 ml), and test 
tubes placed in refrigerator. The results were 
read next morning by the usual pattern 
method. The immune rabbit serum in dilu- 
tions up to 1:128 neutralized the agglutinating 
potency of leukemic extracts whereas normal 
rabbit serum had a neutralizing effect only in 
1:4, or at the utmost 1:16, dilutions. 

Discussion. It is evident from these ex- 
periments that passage A leukemic filtrates, 
known to induce leukemia consistently, when 
inoculated into suckling mice of a susceptible 
strain, agglutinate C3H or Ak red blood cells 
in vitro. Curiously, this agglutinating poten- 
tial of the leukemic filtrates becomes evident 
only after extracts have been heated (55°C 
\% hr), i.e., after their leukemogenic potency 
has been essentially destroyed. It is possible 
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to speculate that fresh extracts contain an in- 
hibitor which can be inactivated by heating, 
not unlike mouse pneumonitis virus, which 
was also found by Mills and Dochez(6) to 
agglutinate murine erythrocytes, provided 
that lung extracts containing the virus, had 
been heated to 80°C for 5 minutes prior to 
agglutination test. Whether the agglutinating 
potency of leukemic extracts is actually re- 
lated to presence of the leukemic agent, how- 
ever, remains to be determined. If related, the 
agglutinin would be separable from the agent 
by ultracentrifugation. The agglutinin is 
relatively stable, and it does not elute. For 
that reason, agglutination tests could be car- 
ried out either at refrigerator, or at room tem- 
peratures, although the former appeared more 
suitable. 

Filtrates from spontaneous Ak leukemia ag- 
glutinated only in some instances, and in 
higher concentrations. Since it was previously 
observed that on inoculation tests only some 
of the Ak filtrates were leukemogenic(4), the 
fundamental question remains as to whether 
the agglutinating potency of some of the Ak 
filtrates tested could be related to their abil- 
ity to induce leukemia. In 3 experiments thus 
far performed, inactivated (56°C ™% hr) se- 
rum from a rabbit which had received several 
injections of passage A filtrates in view of im- 
munization, inhibited the agglutinating po- 
tency of passage A leukemic filtrates. Such 
a serum had also a partially neutralizing effect 
on leukemogenic potency of the extracts(5). 

In control experiments, fresh or heated 
(55°C ¥ hr) filtrates from pooled normal or- 
gans, or mouse embryos, agglutinated only in 
some instances and in higher concentrations. 
A few filtrates prepared from spontaneous 
mammary carcinomas did not agglutinate. 

In 1947 the author observed(7,8) that fil- 
tered extracts prepared from spontaneous 
mouse mammary carcinomas, a transplantable 
mouse sarcoma, and spontaneous or trans- 
planted mouse leukemia, exerted a destruc- 
tive action on mouse red blood cells im vitro. 
Many of the extracts tested, particularly those 
prepared from spontaneous mouse mammary 
carcinomas and mouse leukemias, hemolyzed 
mouse red blood cells after incubation at 37°C 
for 2% hours. A clumping of red blood cells 
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was also observed, particularly when extracts 
from tumors were used. All tests were made 
in incubator at 37°C, or at room temperature. 
Similar results were observed with extracts 
prepared from human tumors(9). All these 
tests were made with fresh tumor filtrates. 

Agglutinating or hemolytic action of mouse 
tumor and mouse leukemia extracts was not 
consistent, however. Their agglutinating and/ 
or hemolytic potency disappeared after ex- 
tracts had been kept at room temperature for 
only a few hours. Furthermore, agglutinating 
and/or hemolytic potency of these extracts 
was evident only in high concentrations, in 
most instances not exceeding 1:10 or 1:20, 
and only when fresh extracts were tested. 
Normal organ extracts only occasionally 
showed a similar effect(7,8). 

Salaman also reported(10) that mouse tu- 
mor extracts agglutinate red blood cells; rab- 
bit erythrocytes were most sensitive, those of 
mice 4 to 16 times less sensitive. Again, this 
potency was very labile, disappearing in ex- 
tracts left for only a few hours at room tem- 
perature. Furthermore, extracts prepared 
from normal organs showed a similar potency. 
These tests again were made with fresh ex- 
tracts; their potency diminished rapidly after 


heating. 

The agglutinating action of leukemic 
filtrates described here differs fundamen- 
tally from that observed in our previ- 


ous experiments, or those carried out by 
Salaman. The main difference is that 
the agglutinin now described requires 
heating (55°C % hr) prior to mixing with 
rbc, and that it is relatively stable. It is un- 
affected when standing for at least 5 hours at 
room temperature, whereas those described 
previously were extremely labile. In Sala- 
man’s experiments, rabbit erythrocytes were 
most sensitive; in our studies, murine erythro- 
cytes were considerably more sensitive to the 
agglutinating action of leukemic filtrates than 
those from either guinea pigs or rabbits. 

It was recently reported by Eddy, Rowe 
and their associates(11) that the “polyoma” 
virus agglutinated guinea pig, hamster and 
human erythrocytes. The term “poly- 
oma” was given by Stewart and Eddy to the 
parotid tumor virus originally isolated from 
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Ak leukemia, and identified in our laboratory 
in 1953(12), and later grown in tissue culture 
by Eddy and her associates(13). The main 
differences between agglutinating property of 
the parotid tumor virus,t and that of leukemic 
filtrates, are as follows: a) the parotid tumor 
virus agglutinates? when either fresh or heated 
(60°C % hr), whereas leukemic filtrates ag- 
glutinate only after heating (55°C % hr); b) 
the parotid tumor virus elutes, and for that 
reason the tests must be carried out at refrig- 
erator temperature, whereas the leukemic ag- 
glutinin described here does not elute; c) 
murine erythrocytes are more sensitive than 
those of guinea pigs to the agglutinating action 
of leukemic filtrates. 


Summary. 1) Heated (55°C % hr) pas- 
sage A leukemic filtrates had an agglutinating 
effect on mouse erythrocytes in dilutions up 
to 1:160, occasionally higher. Fresh filtrates 
did not agglutinate. 2) Agglutinin could be 
separated from leukemic agent by ultracentri- 
fugation. 3) Tests were done at +4°C but 


+ This refers to tissue-culture-grown parotid tumor 
virus, which agglutinates rbc in vitro, and also in- 
duces high incidence of parotid, and other tumors, 
following inoculation into newborn mice. Curiously, 
however, fresh filtrates prepared from parotid tumors, 
do not agglutinate, and only occasionally induce 
parotid, and other tumors on inoculation tests. 


t After this manuscript was completed, the activa- 
tion of hemagglutinin in certain low-potency prep- 
arations of parotid tumor (polyoma) virus, by heat- 
ing to 56°C ¥&% hr, was also reported (Hartley, J. W., 
and Rowe, W. P., Virology, 1959, v7, 249). 
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could also be carried out at room tempera- 
ture; the agglutinin did not elute. 4) Heated 
(55°C % hr) filtrates from spontaneous Ak 
leukemias agglutinated only in some instances, 
and in higher concentrations. Whether the 
agglutinating potency of some Ak leukemic 
filtrates is related to their ability to induce 
leukemia, remains to be determined. 5) 
Fresh or heated filtrates from pooled normal 
mouse organs agglutinated only in some in- 
stances, and in higher concentrations. 6) The 
agglutinating potency of heated leukemic pas- 
sage A filtrates could be inhibited by specific 
rabbit immune serum to 1:128 dilution. Nor- 
mal rabbit serum had an inhibiting effect only 
in 1:4 to 1:16 dilutions. 
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I. Interaction of Sodium Oleate with 
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SHELDON E. GREISMAN 
Depts. of Medicine and Microbiology, University of Maryland School of Medicine, Baltimore 


The lytic action of fatty acids on washed 
mammalian erythrocytes suspended in iso- 
tonic saline has long been recognized, al- 
though the precise mechanism remains specu- 
lative(1,2). Lysis of the same erythrocytes, 
when suspended in homologous plasma, re- 


quires significantly higher concentrations of 
fatty acid since normal plasma contains po- 
tent inhibitors of fatty acid hemolytic activ- 
ity(3-6). Despite this marked hemolysis- 
inhibitory property of plasma in vitro, evi- 
dence has accumulated that im vivo hemolysis 


118 HYPERLIPEMIA AND HEMOLYSIS 


407100 PER CENT HEMOLYS'!S TIME 


w 
° 


20 


CONCENTRATION OF SODIUM OLEATE 
PRODUGING 100 PER CENT HEMOLYSIS (xiO"™*M) 
MICROGRAMS OF SODIUM OLEATE 
REQUIRED PER RED BLOOD CELL FOR LYSIS (xIO-*) 


® 100,000 500,000 1,000,000 1,800,000 
ERYTHROCYTE CONCENTRATION PER CU. MM. 


@) 20 40 60 120 


v80 
TIME (MINUTES) 


TIME 
FOR 


100 
PER CENT 40 
HEMOLYSIS. 
(MINUTES) 


~-=., 


0-22 
HOURS ® 


8 4 2 ' os 0.25 
CONCENTRATION OF SODIUM OLEATE (XI0-*M) 


FIG. 1. Relation of human erythrocyte concentration to concentration of oleate required to 
induce 100% hemolysis at comparable rates at 37°C, pH 7.1. ; 

FIG. 2. Relation of quantity of sodium oleate available per human erythrocyte (in 1.0 ml 
vol) to 100% hemolysis time at 37°C, pH 7.1. (Data derived from Fig. 1.) 

FIG. 3. Effect of temperature on 100% hemolysis time of human erythrocytes exposed to 
varying concentrations of oleate. Hach value represents mean of 5 determinations. 


occurs during conditions associated with rapid 
increases in serum “free” fatty acids.* Thus 
in vivo hemolysis has been reported following 
alimentary hyperlipemia(8), intravenous in- 
fusions of hyperlipemic plasma or lipid emul- 
sions(9,10), or injection of heparin into. lipe- 
mic animals(11). The mechanisms underly- 
ing such in vivo hemolysis have not been en- 
tirely defined. The present report is the ini- 
tial observation which may clarify certain 
intermediate hemolytic pathways. 

Methods and materials. Blood of all ma- 
jor groups was collected from normal subjects 
utilizing citrate or heparin and the erythro- 
cytes separated after 15 minutes at 2500 rpm, 
O°C. Red blood cells were washed 3 times 
in sodium phosphate buffered saline, pH 7.15, 
ionic strength 0.15. The final erythrocyte 
suspension was adjusted by Klett-Summerson 
photoelectric colorimeter (filter 550 mu) so 
that addition of 0.5 ml of the standardized 
erythrocyte suspension to 2.5 ml of solution 
resulted in final concentration of 5 x 10° 
cells/cu mm. Sodium oleate (Baker) was 
employed as fatty acid; all solutions were 
prepared in phosphate buffered saline. The 
effect of temperature on pH of buffered oleate 
solutions as measured with glass electrode was 
as lollows: 37°C, pH a=. 7107 25. GC nite 
7.153; 0°C, pH = 7.30. “With certain speci- 


* Since present evidence indicates that “free” fatty 
acids are not free but bound reversibly by serum 
proteins, the term unesterified fatty acid is pre- 
ferable(7). 


fied exceptions, 2.5 ml volumes of fatty acid 
solutions (or saline controls) were utilized 
throughout, to which 0.5 ml aliquots of stand- 
ardized washed erythrocyte suspension were 
added. All fatty acid solutions remained at 
room temperature 24 hours prior to use since 
hemolytic potency declined upon standing, 
rapidly at first, then more slowly. This phe- 
nomenon has been noted previously (12). Sur- 
face tension of fatty acid solutions was esti- 
mated by measuring rise of fluid into clean 
glass capillary tubes of 1 mm internal diame- 
ter; reproducibility was obtained within + 
4.2%. When this method was checked 
against reported measurements of tempera- 
ture effect on surface tension of distilled water 
(13), the values agreed within + 5%. 

Results. The data presented in each experi- 
ment, summarized in Figures and Tables, are 
representative of similar experiments per- 
formed on human erythrocytes obtained from 
5 normal subjects: 

Effect of erythrocyte concentration on rate 
of oleate hemolysis. The time required for 
100% lysis of human erythrocytes by varying 
concentrations of sodium oleate at 37°C, pH 
7.1, varied with concentration of erythrocytes. 
Dervichian(14) reported similar results for 
horse erythrocytes suspended in lauric acid. 
For any fixed time interval within the ranges 
tested, concentration of sodium oleate neces- 
sary for 100% hemolysis bears a linear rela- 
tion to concentration of erythrocytes to be 
lysed (Fig. 1). This finding indicates a 
stoichiometric interaction of oleate with hu- 


HYPERLIPEMIA AND HEMOLYSIS 


man erythrocytes and suggests that for 100% 
hemolysis at any given time interval at 37°C, 
pH 7.1, each erythrocyte binds (or inacti- 
vates) a fixed quantity of fatty acid. 

Effect of “absorption” of oleate solutions 
with human erythrocytes. Studies to test the 
binding of oleate by human erythrocytes were 
performed by assaying ability of oleate solu- 
tions to lyse fresh human erythrocytes after 
“absorption” with aliquots from the same 
erythrocyte suspension. Typical results are 
indicated in Table I. Prolongation in he- 
molysis time of the supernatant solution ob- 
tained after oleate-erythrocyte contact indi- 
cates that human erythrocytes bind (or inac- 
tivate) oleate; greater binding occurs at 37°C 
than at O°C and after increased contact time. 
The paradoxical increase in hemolytic activ- 
ity of the supernatant oleate solution when 
contact is prolonged so that appreciable lysis 
of the “absorbing” erythrocytes occurs, sug- 
gests that following rupture of erythrocyte, 
hemolytic substances are released. 

Evidence for release of hemolytic factors 
following oleate hemolysis. Standardized sus- 
pensions of human erythrocytes were exposed 
to varying concentrations of sodium oleate at 
0°C, pH 7.3 for 30 seconds and spun down 


TABLE I. Binding of Sodium Oleate by Human 


Erythrocytes. 
Ag 3'e 
Se $985 
2.5 ml oleate solu- aS 8 SOR 
tions (2 X 10m) B Rags a 
‘Cabsorbed’’ with Ahbaess 
0.5 ml standardized Pago ees 
human erythrocyte Optical density .. 2 BS Gea 
suspensions of ‘‘absorbed’’ S48 235 
at: oleate solutions S65 8° 3 
MemperG ss time™ (550 mu) (min. ) 
0 0 0 U 
” it ” 10 
37 0 20 45 
iS 5) 32 60 
- 1 100 12 
: 1.5 400 (100% 5 
lysis) 


Unabsorbed control 0 225 
oleate solution . 


* Minutes prior to centrifugation at 3000 rpm, 
0°C, 3 min. 

+ Mean of 4 determinations. (The longer the ly- 
sis time, the less hemolytically active oleate present, 
This relation is indicated in Fig. iS) 
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TABLE ITI. Release of Hemolytie Substances after 
Oleate Lysis of Human Erythrocytes. 


3 2 ke} + Att 
5 oe eS 100% lysis time of 0.05 ml 
esc = an sees ot fresh standardized human 
oa, ss oe 2 5 erythrocyte suspensions 
Apa o Bowe added to 2.5 ml of: ¢ 
eons po WD i i 
Sil is Tey Se | Saline washing lysed 
aaomy Ws g 
poet eG oe ee # erythro- 
See Cee g 3° 4 .cytest 
(X 10*M)  (min.) r (min. ) ———, 
8 2.0 120 S120 5120 1.75 
4 ” ”? ” ” 9.5 
2 4.5 < a “ 7.0 
i 50 ” ” ” 80 


* Erythrocytes added to oleate solutions at 0°C, 
pH 7.3; after 30 sec., red cells spun down at 3000 
rpm, 0°C, for 3 min., then washed 4 times with 3.0 
ml buffered saline (pH 7.3) at 0°C and resuspended 
in a final volume of 3.0 ml buffered isotonic saline. 

+ Mean of 4 determinations. 

¢{ All tubes adjusted to same starting optical 
density with buffered isotonic saline to account for 
erythrocytes lost during washings. 


within 3 minutes at 3000 rpm, O°C. The 
oleate supernates were set aside for assay of 
residual hemolytic activity, and erythrocytes 
washed 4 times with 3 ml aliquots of iced buf- 
fered saline. Despite such washing, 100% 
hemolysis ensued upon warming to 37°C, the 
observed rates, (Table II) correlating with 
those predicted from erythrocyte binding of 
oleate computed from residual hemolytic ac- 
tivity of the oleate supernates. Tests of the 
last 3 iced saline washings for lytic activity 
at 37°C were essentially negative; the final 
hemolyzed supernate, however, consistently 
lysed additional erythrocytes. Lysis rate was 
significantly below that of original oleate solu- 
tion and was dependent upon initial oleate 
concentration (Table IIT). These findings sug- 
gest that 1) oleate binding by human erythro- 
cytes is not dissociated appreciably by re- 
peated iced saline washings; 2) erythrocyte 
binding of oleate in fixed volume increases as 
the initial oleate concentration is increased; 
and 3) following oleate hemolysis, hemolytic 
substances are released. Although it seemed 
likely that the released lytic material was ole- 
ate or products of oleate-erythrocyte interac- 
tion, it was necessary to determine whether 
untreated human erythrocytes contain hemo- 
lytic factors or substances that intensify he- 
molytic activity of oleate traces not removed 
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TABLE IIL. Effect of Lysed Human Erythrocyte 
Constituents on Oleate Hemolysis. 


£5 ml standardized human 
erythrocyte suspensions 
added to 2.5 ml sodium 
oleate (pH 7.1, 87°C) 


100% hemolysis time 
(min.) t 


containing : Oleate concentration 
Tsotonic (X 10-*m) 
Lysate* (ml) saline (ml) 4 2 

50 2.5 3.0 5.5 

05 45 4 u 13 

10 40 ‘‘ 5.5 a 

20 30 ? %” ” 
50 ie 6.2 30 t 


* Lysate prepared by repeated freezing and 
thawing of standardized human erythrocyte sus- 
pensions followed by renewal of stroma at 4500 
rpm, 0°C, 2 hr. Lysate per se was non-hemolytie. 

+ Mean of 4 determinations. 

+ When 0.50 ml lysate was added 20 see. after 
suspension of human erythrocytes in the oleate, 
hemolysis time was 5.5 min, 
by washing. Standardized suspensions of hu- 
man erythrocytes in buffered saline were 
therefore lysed by repeated freezing and 
thawing and the stroma removed by 2 hour 
centrifugation at 4500 rpm, 0°C. The super- 
natant lysed erythrocyte constituents exhib- 
ited no detectable hemolytic activity. Table 
III indicates the effect of lysed erythrocyte 
constituents on lytic activity of sodium oleate. 
The findings reveal that under the defined 
conditions, normal erythrocyte constituents 
prepared by freezing and thawing retard ole- 
ate hemolysis when added to fatty acid prior 
to insertion of intact human erythrocytes (re- 
tarding effect waning as oleate concentration 
increases) and do not alter oleate hemolysis 
rate when added 20 seconds after oleate-eryth- 
rocyte contact. Thus the hemolytic activity 
observed after oleate hemolysis is probably 
not attributable to normal erythrocytic fac- 
tors. 

Quantitation of oleate required for lysis of 
human erythrocytes. As seen in Fig. 1, to 
shorten the 100% oleate hemolysis time, dis- 
proportionately greater increments of oleate 
are required for any given increment in eryth- 
rocytes. This relation can be expressed in 
terms of mean quantity of oleate required/ 
erythrocyte for 100% lysis at any given time 
(Fig. 2). The quantity of sodium oleate re- 
quired/erythrocyte for 100% lysis at 37°C, 
pH 7.1, becomes asymptotic with respect to 
time axis; a mean minimum of approximately 


7 x 10° pg of sodium oleate/erythrocyte/1 
ml is required for hemolysis to occur at a rate 
detectably greater than that of control un- 
treated erythrocytes. Conversely, under the 
same conditions, when greater than 111 x 10° 
ug of sodium oleate are available/erythro- 
cyte/1 ml, lysis time is no longer shortened 
detectably. 

Influence of temperature on oleate hemoly- 
sis. Temperature variations markedly alter 
oleate hemolysis rates (Fig. 3). At least 2 
mechanisms appear to be involved. Cooling 
from 37°C to 0°C not only decreases the rate 
(and/or amount) of erythrocyte oleate bind- 
ing as indicated by Table I, but also slows the 
rate at which oleate induces lysis after eryth- 
rocyte binding. Thus when standardized sus- 
pensions of human erythrocytes were exposed 
to sodium oleate at 0°C for periods too brief 
to permit lysis and then washed 5 times with 
iced buffered saline, those aliquots warmed to 
37°C consistently lysed more rapidly than 
controls held at O°C. The role of increase in 
pH of oleate solutions from 7.1 to 7.3 upon 
cooling from 37°C to 0°C in retarding eryth- 
rocyte binding of oleate and slowing hemoly- 
sis after binding was not determined. 

Effect of non-specific enzyme inhibitors on’ 
oleate hemolysis. To determine whether ole- 
ate hemolysis involved an enzymatic reaction, 
several non-specific enzyme inhibitors were 
tested. Addition of 0.01 M (final concentra- 
tion) fluoroacetate, fluoride, or azide failed to 
alter the rate of oleate hemolysis of human 
erythrocytes. Sodium cyanide, however, 
added to 1 x 10-4 M sodium oleate (25°C, pH 
7.2) delayed 100% lysis of 5 standardized 
human erythrocyte suspensions from a mean 
of 3.5 minutes (control) to: 12 minutes at 
5 x 10° M, 20 minutes at 5 x 10° M, and 6 
minutes at 5 x 10* M of cyanide ion. 

Role of surface tension reduction on oleate 
hemolysis. Addition of sodium oleate to buf- 
fered isotonic saline lowered surface tension, 
reduction at any given temperature increasing 
progressively with increasing oleate concen- 
tration. It seemed possible that oleate he- 
molysis rates might be a function of such 
surface tension alterations. Fig. 1, however, 
indicates that within the ranges of oleate and 
erythrocyte concentrations tested, the 100% 
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hemolysis time can be maintained constant 
despite varying fatty acid concentration (and 
hence varying surface tensions) by altering 
quantity of erythrocytes added. This sug- 
gests that the lowered surface tension to 
which erythrocytes are initially exposed upon 
introduction into oleate solutions is not an 
important determinant of 100% lysis time. 
That surface tension lowering plays no im- 
portant role even during the latter phases of 
oleate hemolysis was suggested by experi- 
ments in which standardized human erythro- 
cyte suspensions were added to increasing 
dilutions of 50 x 10° mg sodium oleate 
starting with 2 ml solutions; despite an 8-fold 
dilution and a progressive rise in surface ten- 
sion, the 100% lysis time at 37°C, pH 7.1, re- 
mained constant. 

Discussion. The initial step in lysis of 
human erythrocytes by oleate at pH 7.1 and 
with concentrations below 8 x 10* M ap- 
pears to involve binding of fatty acid by the 
red blood cell. This was first suggested by 
the observation that the quantity of oleate re- 
quired to induce 100% hemolysis within any 
given time period maintained a linear relation 
to number of erythrocytes to be lysed. Sub- 
sequent studies indicated that contact of nor- 
mal washed human erythrocytes of all major 
blood groups with sodium oleate consistently 
resulted, prior to any detectable hemolysis, in 
removal of the oleate from solution. Such re- 
moval was not proved by chemical analysis, 
but was indicated by reduced hemolytic activ- 
ity of the supernatant oleate solution. The 
alternative possibility that oleate was ren- 
dered hemolytically inert is untenable in view 
of subsequent observations. Moreover, recent 
evidence demonstrates that human erythro- 
cytes are capable of binding radioactive so- 
dium oleate-I"#!(15) and sodium palmitate- 
1-C'4(16). Within concentrations employed, 
the lowered surface tension of oleate solutions 
did not influence hemolysis rates. 

Once human erythrocytes are exposed to 
oleate under conditions permitting binding of 
hemolytic quantities, the union is firmly es- 
tablished; lysis cannot be checked by re- 
peated iced saline washings. Hemolysis now 
proceeds at pH 7.2 + 0.1 as a function of the 
quantity of oleate bound and of temperature. 


The temperature effect is complex. A de- 
crease from 37°C to 0°C slows oleate hemoly- 
sis by at least 2 mechanisms: 1) erythrocyte 
binding of oleate is slowed (and/or reduced), 
and 2) lytic action of oleate following binding 
is retarded. Since the quantity of oleate 
binding is a determinant of hemolysis rate, it 
might be expected that once erythrocyte ole- 
ate binding capacity is saturated, the 100% 
hemolysis time (at any given pH and tem- 
perature) no longer would decrease as oleate 
concentration increases. This indeed occurs 
and is attained with a mean of approximately 
111 x 10° pg (36 x 10-*% moles) of sodium 
oleate/erythrocyte at pH 7.1, 37°C. Although 
this evidence is not conclusive for erythrocyte 
saturation at these levels, the values may be 
compared with the mean of 5.3 x 10°!” moles 
of binding sites/human erythrocyte reported 
for sodium palmitate-1-C™ determined at pH 
7.45, 23°C(16). The mean minimum quan- 
tity of sodium oleate required/human erythro- 
cyte for lysis at rates detectably faster than 
control untreated red cells at pH 7.1, 37°C is 
approximately 7 x 10° ug. 

Ability of cyanide ion to retard oleate he- 
molysis was of interest. Whether this was 
related to enzymatic interference is unknown; 
however other non-specific enzyme inhibitors 
—fluoroacetate, fluoride, and azide—failed to 
alter oleate hemolysis rates in final concen- 
trations of 0.01 M. 

Following lysis of erythrocytes binding ole- 
ate, hemolytic factors were released. Since 
such factors could not be detected from nor- 
mal erythrocytes lysed by repeated freezing 
and thawing, it seems probable that oleate (or 
some product of oleate-erythrocyte interac- 
tion) is liberated following oleate hemolysis. 
Assuming the released hemolytic material to 
be oleate, the mechanism of release is un- 
known. Fatty acid probably enters the red 
blood cell after initial attachment to the sur- 
face membrane(1,16); since red cell ghosts 
bind fatty acid as avidly as intact cells(16), 
it is tempting to speculate that the lytic fac- 
tor released following oleate hemolysis repre- 
sents that fraction of oleate transferred into 
the erythrocyte. Although the hemolytic ac- 
tivity of such released material was always 
significantly lower than that of the original 
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oleate solutions, it is apparent that oleate pos- 
sesses the potential of inducing a decelerating 
hemolytic chain reaction under proper dy- 
namic circumstances—i.e., when erythrocytes 
binding oleate lyse after moving into areas 
populated by normal erythrocytes. 
Summary. 1. The initial step in human 
erythrocyte lysis by oleate at pH 7.2 + 0.1 
and concentrations below 8 x 10-* M involves 
erythrocyte-oleate binding; oleate binding by 
a standard number of erythrocytes in a fixed 
volume is a function of oleate concentration, 
temperature, and contact time. 2. Once ly- 
tic quantities of oleate are bound, hemolysis 
proceeds at pH 7.2 + 0.1 as a function of 
quantity bound and of temperature. Lysis 
cannot be checked by repeated iced saline 
washings. A mean minimum of approxi- 
mately 7 x 10° yg of sodium oleate is re- 
quired/erythrocyte at 37°C, pH 7.1 for lysis 
at rates detectably faster than controls; the 
sodium oleate binding mechanism appears 
saturated with a mean of approximately 111 
x 10° pg/erythrocyte. 3. Lowered surface 
tension of oleate solutions does not influence 
hemolysis rates under conditions tested. 4. 
Cyanide retards oleate hemolysis; other non- 
specific enzyme inhibitors fail to do so. 5. 
Following oleate hemolysis, hemolytic sub- 
stances are released; these probably represent 
oleate or products of oleate-erythrocyte inter- 
action. It is suggested that oleate possesses 
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the potential of inducing a decal rabine hemo- 
lytic chain reaction. 
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Comparative Effects of Glycogen and Antigen-Antibody Reactions on 


Serotonin and Histamine in the ‘Rabbit. 
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In rabbit blood, serotonin (5-hydroxytryp- 
tamine) and histamine are present in, or 
bound to the platelets. When antigen is added 
to blood from a sensitized rabbit, clumping of 
platelets and leucocytes occurs, and serotonin 
as well as histamine is released from platelets 
(1). During anaphylaxis in the rabbit, simi- 
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lar changes occur. In addition, a decrease oc- 
curs in whole blood concentration of these 
amines(1). This decrease is secondary to 
disappearance of platelets from circulating 
blood. The rapid fall in number of platelets 
and leucocytes in blood is a consistent finding 
during hypersensitivity reactions in animal 
species including dogs, monkeys, guinea pigs, 
and rabbits(2,3,4). In humans, sensitive to 
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ragweed, intradermal injection of ragweed an- 
tigen produces a decrease in number of plate- 
lets in peripheral blood(5). Recent evidence 
shows that during anaphylaxis in the rabbit, 
platelets are trapped in the lung but not in 
other organs or tissues(6). When antigen- 
antibody complex precipitate, suspended in 
saline, is added to normal rabbit blood in vitro 
or is injected intravenously into normal rab- 
bits, platelet-leucocyte clumps are formed and 
serotonin and histamine are released. Jn vivo, 
a marked decrease in whole blood serotonin 
and histamine occurs, accompanied by trap- 
ping of platelets in lung but not in other tis- 
sues(6). These findings suggest that direct 
action of antigen-antibody complex itself is 
the main causative factor for changes in plate- 
lets, serotonin, and histamine which occur 
during anaphylaxis. Clumping of platelets 
and leucocytes, associated with disappearance 
of these blood elements from peripheral circu- 
lation has been implicated in Schwartzman 
(7) and Arthus(8) reactions in rabbits. 
Platelet-leucocyte clumps have also been 
found in hearts of patients dying from acute 
rheumatic fever or rheumatic carditis(9). 
Glycogen, after intravenous injection into 
rabbits and dogs, caused rapid clumping and 
disappearance of platelets and leucocytes from 
the circulation similar to antigen-antibody re- 
action(4). Extracts from parasites, Ascaris 
lumbricoides and Echinococcus granulosus 
(hydatid fluid), also have the ability to pro- 
duce the same blood changes. The active 
principle in these preparations is polysac- 
charide in nature(4). Glycogen in vitro, how- 
ever, did not cause release of histamine, and 
in vivo was thought to distribute platelets and 
leucocytes equally among various tissues. 
Dextran, on the other hand, when incubated 
with rabbit blood in vitro does release large 
amounts of histamine from the platelets(10). 
In vivo in rats, dextran produces a typical 
anaphylactoid response(11).. The present 
study was undertaken to determine the effect 
of glycogen on serotonin, histamine, and plate- 
lets in rabbits both by in vitro and in vivo 
technics. The results are compared with those 
obtained by using an antigen-antibody com- 
plex precipitate, in addition to those results 


found during complete antigen-antibody reac- 
tion. 

Materials and methods. Male white rab- 
bits (2.5 kg) were used. Ten were sensitized 
to horse serum as previously described(1). 
For in vitro studies, blood was obtained by 
cardiac puncture; for in vivo studies, blood 
was obtained by means of plastic tube in- 
serted into carotid artery. Heparin or EDTA 
(disodium ethylene-diaminetetraacetate, 10% 
by volume of a 1% solution in n-saline) was 
used as anticoagulant. Siliconized glassware 
was used in handling blood. After death of 
rabbits, their lungs were immediately excised, 
pressed between porous paper to remove ex- 
cess blood, and homogenized in 0.1 N HCl. 
Purified glycogen preparations from 3 differ- 
ent commercial sources were tried and all gave 
identical results. The antigen-antibody com- 
plex was precipitated from blood serum of 
rabbits sensitized to horse serum and given an 
additional 3 ml booster injection intraperi- 
toneally of this antigen 3 weeks before blood 
was drawn(6). The precipitate was washed 
3 times with cold saline and suspended in 
saline. Incubations with rabbit whole blood 
were carried out as previously reported(1). 
Serotonin and histamine analyses in whole 
blood, plasma, and tissues were done by the 
method of Weissbach e¢ al.(12). 

Results. Both glycogen and antigen-anti- 
body complex release serotonin and histamine 
in vitro from rabbit platelets, and similar to 
release of these amines when horse serum. is 
added to blood from rabbits sensitized to this 
antigen (Table I). For these im vitro studies, 
heparin was used as anticoagulant. When 
EDTA was used as anticoagulant the release 
of serotonin and histamine was inhibited in 
all cases. Previous work by Humphrey and 
Jaques(13) showed that addition of purified 
antigen and antibody to normal rabbit plate- 
lets suspended in normal plasma released sero- 
tonin and histamine. Removal of calcium ion 
from plasma inhibited this reaction. 

In vivo, the effects of glycogen and antigen- 
antibody complex after intravenous injection 
into non-sensitized animals were similar 
to those produced by intravenous injection 
of antigen into sensitized rabbits. Serotonin 
and histamine were released into the plasma 
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TABLE I. In Vitro Release of Serotonin and Histamine.* 


y/ml plasma (avg values) 


Heparin EDTA 
Now deter: anticoagulant anticoagulant 
Agent minations Serotonin Histamine Serotonin Histamine 
Antigen-antibody reaction (1:100 10 4.0 3.1 3 4: 
horse serum in n-saline) 

Antigen-antibody complex 4 5.0 3.2 4 4 
Glycogen 6 5.5 3.5 4 5 
n-Saline 10 3 4 2 2 


* Plasma serotonin and histamine were determined after incubation of rabbit whole blood 
30 min. at 37°C with 50% by volume of above agents, using heparin or EDTA as anticoagulants. 
For antigen-antibody reaction, blood was taken from rabbits sensitized to horse serum. Blood 
from normal rabbits was used for other agents. Amount of antigen-antibody complex for each 
experiment was precipitated from 1 ml of rabbit serum. Final dilution of glycogen was 1.3 


mg/ml. 
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FIG. 1. Blood plasma concentration of serotonin 
and histamine was determined after intray. inj. of 
each agent as follows: antigen-antibody reaction, 
2 ml/kg of horse serum into previously sensitized 
rabbits; antigen-antibody complex, total precipi- 
tate from 13 ml of rabbit serum was used for each 
experiment and inj. into normal rabbits; glycogen, 
100 mg/kg; and for normal controls, 2 ml/kg of 
n-saline. Five animals were used for each agent; 
only 2 were used with the antigen-antibody com- 
plex. Each point is avg value. 

FIG. 2. Whole blood serotonin and histamine 
were determined on samples of blood, prior to cen- 
trifugation for plasma, used in Fig. 1. 


TABLE IT. 


Lung serotonin and histamine,* 
y/g (avg values) 


Agent Serotonin Histamine 
Antigen-antibody 21.5 14.3 
reaction 
Antigen-antibody 20.0 13.5 
complex 
Glycogen 13.0 9.0 


n-Saline 2.6 (1.2-4.6)t 4.5 (3.0-6.0) t 


* Lung content of serotonin and histamine was 
determined in rabbits to obtain data for Fig. 1 and 
2. Animals were killed exactly 4 min. after inj. of 
each agent. 

+ Normal range. 


(Fig. 1), whole blood serotonin and histamine 
content was reduced (Fig. 2), and lung con- 
centration for these amines was increased 
(Table II). The latter 2 effects were attrib- 
uted to occlusion of platelet-leucocyte clumps 
or emboli in the lung. Other tissues, including 
heart, brain, intestine, and liver from these 
rabbits, did not show any significant difference 
in amount of serotonin and histamine com- 
pared to same tissues from untreated animals, 
except for a slight increase in serotonin in the 
liver. 

Discussion. The results show a marked 
similarity between the effects of antigen-anti- 
body complex and glycogen on rabbit plate- 
lets and leucocytes, and in release of serotonin 
and histamine from these platelets. The 
mechanisms involved appear to be the same. 
Other substances such as peptone(14) and 
trypsin(15) have been reported to cause a de- 
crease in circulating platelets and leucocytes 
when injected into rabbits and dogs. Initial 
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observations, however, show that total results 
with these agents are different from those 
found with glycogen in this study. 

Prior work with dextrans indicated that 
ability to release histamine from rabbit blood 
was dependent upon molecular size of the dex- 
tran(10). The same factor might apply to 
glycogen and its ability to release serotonin 
and histamine. The nature of end groups in 
the glycogen molecule, and alterations in its 
structure formed as a result of isolation and 
purification process, may also produce some 
of the properties in the polysaccharide needed 
to cause the effects found. 

The distinct importance of platelets and 
leucocytes during anaphylaxis in the rabbit 
should be recognized. The role of these blood 
elements during allergic reactions in other ani- 
mal species and in man could be of equal im- 
portance. In addition, the possibility that 
glycogen, or a polysaccharide-like material, 
may be involved in hypersensitivity processes 
needs further investigation. 

Summary. When glycogen is incubated 
with normal rabbit blood, both serotonin and 
histamine are released from the platelets. 
EDTA inhibits this release. Intravenous in- 
jection of glycogen into rabbits produces a 
marked fall in whole blood concentration and 
a rise in lung content of serotonin and hista- 
mine. These results are secondary to trap- 
ping of platelets in the lung. In addition, both 
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serotonin and histamine are released into the 
plasma. All of these changes are identical to 
those obtained when antigen is injected intra- 
venously into a sensitized rabbit or when an 
antigen-antibody complex precipitate is in- 
jected intravenously into a normal rabbit. 
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Sources of Excess Taurine Excreted in Rats Following Whole Body 


Irradiation.* 
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Excessive urinary excretion of taurine has 
been observed in rat and man in the 24-hour 
period following exposure to whole-body x- 
irradiation(1-4). This taurine response ap- 
pears to be an extremely sensitive and early 
indicator of radiation exposure, being detec- 
table at doses as low as 35 r(4) and as early 
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as 3 hours post-irradiation(2). Urinary taur- 
ine excretion increases semilogarithmically 
with roentgen dosage in the range between 
O and 250 r. Above this degree of radiation, 
taurine response does not increase(2). The 
magnitude of urinary excretion of taurine is a 
valuable index of survival in rats exposed to 
LDs0 dose of x-ray(1). Since taurine is 
one of the major end products of SH oxidation 


126 Excess TAURINE AFTER WHOLE Bopy IRRADIATION 


(5), excessive excretion of taurine following 
irradiation might suggest an increase in rate 
of oxidation of this grouping. Barron eé al. 
(6) have shown SH-containing enzymes espe- 
cially sensitive to inactivation by x-irradia- 
tion, and various amino-SH compounds exert 
protective action against radiation death(7). 
These observations suggest that alterations in 
SH metabolism may play a role in cellular 
damage induced by x-irradiation. Thus de- 
termination of the source of additional uri- 
nary taurine excreted following exposure to 
whole-body x-irradiation may be of some im- 
portance in elucidation of metabolic changes 
occurring in the rat immediately following ex- 
posure to ionizing radiation. Taurine exists 
free in organs of many animals(9). On an 
absolute weight basis, striated muscle con- 
tains more than 75% of total body taurine of 
a rat(9,10). Taurine concentrations in rat 
organs remain remarkably constant following 
fasting, adrenalectomy, hypophysectomy, 
gonadectomy, estrogen treatment(9) and 
dietary procedures designed to deplete bodily 
stores of endogenous SH-compounds(11). On 
the other hand, urinary taurine levels are de- 
pendent upon diet, being decreased signifi- 
cantly by diets low in organic sulfur(14) and 
by concomitant administration of substances 
such as bromobenzene and cholic acid which 
divert cysteine into special metabolic path- 
ways(13). The present work was designed 
to determine the source of urinary taurine ex- 
creted in response to whole-body irradiation. 


Materials and methods. Isolation and de- 
termination of taurine from tissues and urine 
was done by the method of Awapara(8). 
Three to 4-month-old rats (Sprague-Dawley 
straint), weighing 250-300 g were used and 
divided into 2 groups of 12 each. Group I 
was fed Rockland pellets and water ad lib. 
Group II was fasted 3 days and then main- 
tained on protein-free, cholic acid-supple- 
mented diet for 10 days prior to irradiation 
procedure. Protein-free diet was as used by 
Awapara(11)?; cholic acid diet was prepared 
by incorporating 8.16 g of cholic acid into 
each kg of protein-free diet. The 1t-cystine 
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diet contained 4.67 g/t-cystine/kg of pro- 
tein-free diet. In each group, 6 rats were 
irradiated while the other 6 served as non- 
irradiated controls. Irradiation procedure 
was as follows: Twenty-four hours prior to 
irradiation all food, but not water, was re- 
moved from metabolic cages in which the 
rats were kept singly, and a “control” urine 
was collected from each rat during this 24- 
hour period. Then the rats were placed in 
irradiation cages of wire mesh. Each cage 
accommodated 3 rats in separate compart- 
ments. Radiation factors were: 250 Kv; 15 
ma; 0.5 mm Cu and 1 mm Al filters: 50 cm T 
SD; 40 cm? field; 102 r mm to field. Three 
rats were irradiated at a time, each receiving 
600r. Controls were handled similarly but 
not irradiated. Following irradiation all ani- 
mals were returned immediately to metabolic 
cages and urine collected for a second 24 hour 
period. Rats in Group I, irradiated and non- 
irradiated, were sacrificed after 24 hours by 
stunning, and organ samples obtained immedi- 
ately, weighed, frozen (dry ice), and stored 
at 4°C for subsequent analysis. Following 
completion of first part of the experiment, rats 
in Group II, which had served as non-irradi- 
ated controls, were removed from the protein- 
free-cholic acid diet and given a diet in which 
L-cystine replaced cholic acid as supplement 
to basic protein-free diet. These animals were 
maintained on the new diet for 10 days; then 
one-half of the group received 600r whole- 
body irradiation while the other half served 
as controls. Pre-irradiation control 24-hour 
urines and post-irradiation 24-hour urines 
were again collected. 

Results. A. Tissue taurine analyses. Tis- 
sue concentrations of taurine prior to and fol- 
lowing radiation are shown in Table I. Radi- 
ation did not cause significant alterations in 
taurine concentrations of tissues studied. 


TABLE I. Tissue Levels of Taurine in Rats Ex- 
posed to X-radiation 24 Hr Prior to Analysis. 


um taurine/g wet tissue 


Ilio- 
Treatment psoas Spleen Thymus Liver 
Controls 13+.6t 7.7+1.4 24+21 .57 ar gli 
Trrad.* Iigveeds, (OUSE I BSS IS 5) Seil 


* As described under Methods. 
+ Means and stand. errors. 
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TABLE IIL. Effect of Radiation and Diet on Urinary Taurine Excretion. 
Control 24 hr 2nd 24 hr 
urinary taurine taurine 
j No.of Radiation excretion, CXCTOLION mamma 
Diet rats dosage (r) mg/24 hr mg/24hr  values* 
A. Normal (Rockland pellets) 6 0 36 + 2t 41 +2 
B. Idem 6 600 Bo Sal 82 +2 <.01 
C. Protein-free + cholie acid 6 0 5.58+ .46 5.61+ 1.20 
D. Idem 6 600 4.04+ .81 11.01+ 1.92 02 
KE, Protein-free + L-cystine (follow- 3 0 IPR se Bil Gs} ae ale) 
ing protein-free + cholic acid 
F. Idem 3 600 11.7 + 4.4 UG) Se Parl all 


* <P? values calculated for comparisons between irradiated and control animals with re- 


spect to increased urinary taurine. 
+ Means and stand. errors. 


While tissue taurine concentrations do not de- 
crease following irradiation, the net weight 
loss of these tissues is not great enough to ac- 
count for the urinary taurine excretion(9,10). 
Apparently the source of taurine excreted fol- 
lowing irradiation is not preformed tissue taur- 
ine, but rather excessive formation of taurine 
from precursors. Additional analyses of other 
organs were not necessary, since striated mus- 
cle alone has sufficient taurine content to ac- 
count for the quantity excreted after irradia- 
tion(9). B. Urinary taurine excretion. I. 
Rats on stock diet. In irradiated rats main- 
tained on a Rockland pellet diet, the second 
(i.e., post-irradiation) 24 hour urines showed 
an increase of 46 + 2 mg of taurine over the 
control 24-hour collection (Table II). In 
non-irradiated controls the second 24-hour 
urines showed an increase of 5 + 3 mg of 
taurine over control 24-hour urines. The dif- 
ference in increase between irradiated and 
controls is significant (“p” value <0.01). 
Il. Rats on a protein-free cholic acid-con- 
taining diet for 10 days. Irradiated animals 
in this group showed an increase, from con- 
trol 24-hour collection to second 24-hour col- 
lection, of 6.97 + 1.94 mg of taurine. Non- 
irradiated controls showed an increase of 
0.03 + 1.38 mg of taurine (‘“‘p” value = 
0.02). Since the protein-free, cholic acid- 
containing diet reduced significantly the uri- 
nary taurine response to irradiation (Compare 
A and C, Table IT), and since Awapara(11) 
has shown that this diet does not alter taurine 
content of tissues, it appears that lack of 
urinary taurine response in animals on this 
diet was due to relative absence of a requisite 


taurine precursor in the form of a sulfur-con- 
taining compound. In view of this, those non- 
irradiated animals which had been maintained 
on protein-free, cholic acid-containing diet 
were placed on protein-free, L-cystine-con- 
taining diet, to assess whether presence of 
sufficient amount of sulfur-containing amino 
acid would restore the urinary taurine re- 
sponse to irradiation. However, irradiated 
animals which had been transferred to the 
cystine-containing diet showed a questionably 
significant increase in taurine excretion (Ta- 
ble II, compare, Exp. E and F; “p” value = 
0.1). These results may have several ex- 
planations: 1) These animals had previously 
been in negative N balance by maintenance 
on a protein-free, cholic acid-containing diet. 
The second protein-free diet contained only 
enough t-cystine to satisfy minimal nitrogen 
requirements and maintain the rats at con- 
stant weight. In this condition of relative 
protein deficiency, (each rat having lost about 
30 g on the protein-free cholic acid-containing 
diet) dietary cystine may have been chan- 
neled into tissue protein and away from those 
metabolic pathways leading to taurine pre- 
cursors. Thus, the normal marked urinary 
taurine response to irradiation was not seen. 
A corollary of this point might be that the 
period of L-cystine supplementation was too 
brief. 2) The possibility exists that methio- 
nine is the major source of taurine produced 
following irradiation. This would be predi- 
cated on the existence of as yet undescribed 
pathway from methionine to taurine. This 
possibility is indicated by the demonstration 
that intravenous injection of methionine 
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sulfoxide preceding or accompanying cholic 
acid ingestion produces an increase in taurine 
excreted as taurocholic acid(12). It is pos- 
sible that methionine is converted in part to 
methionine sulfoxide by irradiation. 3) Al- 
though there is no definite evidence that 
cholic acid feeding produces liver damage and 
thus may interfere with production of taurine 
from its precursors, this possibility is not ex- 
cluded and would explain the data obtained. 
Summary. 1. X-irradiation does not alter 
concentration of taurine in muscle, spleen, 
thymus or liver tissue of rats exposed to x- 
radiation 24 hrs. prior to study. However, 
during this period, there is a marked increase 
in urinary excretion of taurine. Thus pre- 
formed tissue taurine does not appear to be 
the source of excess taurine excreted follow- 
ing irradiation. 2. Rats maintained on a diet 
designed to cause a depletion of sulfhydryl 
compounds (cholic acid feeding) have a sig- 
nificantly reduced urinary taurine response 
to whole-body irradiation. 3. When rats 
maintained on sulfhydryl-depleting diet were 
given subsequently an L-cystine supplemented 
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diet, the lowered urinary taurine response to 
irradiation was not restored to normal. 
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Vascular Reactivity as Influenced by Acetazolamide, Dichlorophenamide 


and Mercaptomerin.* 


(24854) 


WILLIAM P. BLACKMORE AND W. ROBERT BEAVERS 
Dept. of Pharmacology, University of Texas Southwestern Medical School, Dallas 


Chlorothiazide (Diuril)t has been reported 
to exert an antihypertensive effect(1). How- 
ever, a mechanism for this effect has not been 
clearly demonstrated. Previous studies have 
shown that chlorothiazide decreases arterial 
pressure responses to injections of norepine- 
phrine, epinephrine and _ isopropyl-norepine- 
phrine in the dog(2). Since it has been ob- 
served that renal effects of chlorothiazide on 
water and electrolyte excretion bear a simi- 
larity to the mercurial diuretics(3) and that 
mercurials may have an antihypertensive ac- 
tion(4), it was of interest to test the effects of 
a mercurial diuretic on vascular reactivity. In 
addition, the effect on vascular reactivity of 
acetazolamide (Diamox) and dichlorophena- 

* Aided by USPH grants. 


mide (Daranide),t diuretics which inhibit 
carbonic anhydrase, was determined. 
Methods. Fifty-three experiments were 
performed on adult mongrel dogs anesthetized 
with sodium pentobarbital (30-35 mg/kg) and 
vagotomized. Arterial blood pressures were 
taken with a mercury manometer and re- 
corded on a smoked drum. The experimental 
procedure followed in obtaining the controls 
and administering the drug was similar to 
that described previously (2). Acetazolamide, 


10 mg/kg was administered in a priming dose - 


intravenously, followed by continuous in- 
fusion of 10 mg/kg for 30 minutes. Dichloro- 
t Diuril and Daranide, supplied through courtesy 


of Merck, Sharp and Dohme Research Labs., Merck 
and Co., Inc. 
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TABLE I. Effect of Acetazolamide, Dichlorophenamide, and Mercaptomerin on Vascular Reactivity. 


c Control =o Jere Drug - = 
Before After Before After 
Dose No.of infusion infusion No. of infusion infusion Level of 
(ug/kg) animals (mmHg) (mmHg) Change animals (mmHg) (mm Hg) Change  significance* 
Effect of acetazolamide on vascular reactivity 
A, Pressor responses to norepinephrine 
05 9 17.3 16.7 — 6 9 15.2 9.0 —6.8 <.05 
.10 9 24.1 22.7 —1.4 9 16.6 11.4 =H) ty 
B. Depressor responses to isopropylnorepinephrine 
05 a 9.8 Di — J 9 22.1 Oo —12.2 <<, 
liffect of dichlorophenamide on vascular reactivity 
A. Pressor responses to norepinephrine 
05 9 17.3 16.7 = do 8 13.1 9.8 —3.3 >.05 
10 9) 24.1 22.7 1.4 8 16.1 12.7 —3.4 M 
B. Depressor responses to isopropylnorepinephrine 
05 a 9.8 Dail = oll 8 19.2 10.4 —8.8 <.01 
Effect of mercaptomerin on vascular reactivity 
A. Pressor responses to norepinephrine 
05 iG 14.5 13.6 = 13 16.5 11.4 —5.1 <.001 
10 i 18.3 a Gel —1.2 13 22.3 15.9 —6.4 sa 
B. Depressor responses to isopropylnorepinephrine 
05 7 9.8 Dat Sell 8 16.1 10.2 —5.9 <.05 
* Considered significant if P <.05. 
phenamide, 20 mg/kg was given as a_ pinephrine though decreasing depressor re- 


priming dose and 20 mg/kg infused for a 30 
minute period. Mercaptomerin (Thiomerin), 
2.5 mg/kg was given intravenously as a prim- 
ing dose followed by continuous infusion for 
30 minutes in a dose of 3.0 mg/kg. Responses 
in all animals were determined immediately 
after infusion of the diuretic with the excep- 
tion of mercaptomerin; these responses were 
obtained 30 minutes after cessation of the in- 
fusion since no changes were noted in pre- 
liminary experiments until diuresis began with 
this compound. Base pressures during evalua- 
tion of the responses following each diuretic 
differed less than 10 mm Hg from control lev- 
els. Animals treated identically to the experi- 
mental groups with the exception that no 
diuretic agent was present in the glucose solu- 
tions served as controls. 

Results. The results obtained are illus- 
trated in Table I. Acetazolamide infusion de- 
creased pressor response to norepinephrine 
and depressor response to isopropylnorepine- 
phrine. These changes occurred in all animals 
tested and were significant. In contrast to 
acetazolamide, dichlorophenamide did not de- 
crease vascular reactivity in response to nore- 


sponse to isopropylnorepinephrine. 

Mercaptomerin infusion reduced pressor re- 
sponses to norepinephrine and depressor re- 
sponses to isopropylnorepinephrine in every 
experiment. 

Determinations of plasma sodium concen- 
trations before and after administration of the 
3 diuretics did not show significant changes. 
Preliminary experiments in which urinary 
excretion of sodium and potassium were meas- 
ured indicated that acetazolamide and di- 
chlorophamide produced increases in these 
electrolytes comparable to that observed with 
chlorothiazide. Excretion of sodium and po- 
tassium 30 minutes following cessation of mer- 
captomerin infusion likewise caused an in- 
creased electrolyte excretion paralleling that 
noted with chlorothiazide. 

Discussion. The results obtained indicate 
that the ability of chlorothiazide to decrease 
vascular reactivity as measured by its ability 
to decrease responses to injected norepine- 
phrine and isopropylnorepinephrine is not 
unique for this diuretic. The results support 
the concept that increased sodium excretion 
plays a dominant role in the diminished vascu- 
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lar reactivity since the common property of 
all the agents studied is the capacity to in- 
crease electrolyte excretion, primarily sodium. 
The failure of dichlorophenamide to alter 
pressor response to norepinephrine remains 
obscure. 

The similarity of the changes in responses 
resulting from the several diuretics raises a 
question whether a singular intrinsic antipres- 
sor action is associated with chlorothiazide. 
Although the mechanism is not known, it is 
conceivable that the antihypertensive action 
of chlorothiazide may be due to: a) a direct 
effect upon peripheral vascular smooth muscle 
to alter its state of contraction, or b) a shift 
in sodium and potassium across the cell mem- 
brane resulting in a change in tonus of the 
vascular system, or c) its diuretic and salu- 
retic action to alter plasma volume and elec- 
trolyte balance. Evidence available at the 
present time would suggest that the diuretic 
and saluretic action plays the most important 
role. Independent of changes in volume, ex- 
cretion of large amounts of sodium may play 
a role in the antihypertensive properties of a 
diuretic, since low sodium diets will decrease 
blood pressure and increase the effectiveness 
of ganglion blocking drugs in hypertensive pa- 
tients(5). Recently it has been reported that 
both chlorothiazide and mercurial diuretics 
appear to have an antihypertensive action that 
may be potentiated by a decrease in body so- 
dium(4). In addition, an increase in electro- 
lyte excretion associated with a diminished 
plasma volume has been observed to decrease 
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the dosage of ganglionic blocking agents re- 
quired in hypertensive patients(6). Results 
obtained in this study lend support to changes 
in electrolyte excretion as being a dominant 
factor. In each case, no change in response 
was noted until an interval of time had elapsed 
when diuresis was established. The possibility 
that a simultaneous decrease in plasma vol- 
ume may have been an important factor can 
not be ruled out since measurements of this 
parameter were not made. 

Summary. The effects on the vascular 
responses to norepinephrine and isopropyl- 


norepinephrine induced by 3 diuretic agents, — 


acetazolamide, dichlorophenamide and mer- 
captomerin were determined. Acetazolamide 
and mercaptomerin diminished vascular re- 


sponses to these catechol amines similarly to 


the decrease previously reported with chloro- 
thiazide administration. It is considered 
probable that the effect on vascular reactivity 
resulting from these agents is due to augmen- 
tation of sodium excretion. 
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Interactions of Human Sera and Spinal Fluids with Human Brain Antigen 


and Antibrain Rabbit Serum. 


(24855) 


Ciara H. WILLIAMS, FREDERICK W. BARNES, JR. AND STEPHAN K. MAYER 
(Introduced by G. S. Mirick) 
Psychophysiologic Research Lab., Veterans Admin. Hospital, Perry Point, Md. and Depts of 
Medicine and Physiological Chemistry, Johns Hopkins Medical Institutions and Hospital for 
Women of Md., Baltimore 


Investigations concerning both immunologi- 
cal differentiation of body organs (e.g., 1,2) 
and possible existence of “autoantibodies” to 
human organs have been reported (3,4,5,6). 


Gadjusek(7) searched for “autoimmune” an- 
tibodies in sera of patients with various dis- 
eases and found positive complement fixation 
reactions in 3% tested with liver antigens and 
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in 10% tested with kidney antigens. Yeh, 
et al.,* have differentiated by precipitin test 
in human sera circulating protein from vari- 
ous’ organs of the body. Wide variations in 
quantity circulating were found. It might be 
hypothesized that in neurological disease, 
brain antigens may circulate in the serum. In 
the present study the possible presence of 
antibodies to human brain in sera and spinal 
fluid of various hospital populations and evi- 
dence concerning presence or absence of cir- 
culating brain antigens in sera and spinal 
fluids of these populations were investigated 
by means of precipitin formation. The results 
reported here constitute only a beginning in 
this type of study. 


Materials and methods. Preparation of an- 
tigen. A portion of frontal lobe of brain from 
a 70-year-old male, 5 hours after death, was 
stored at -20°C. A 12 g portion, composed 
of grey and white matter, was homogenized in 
cold acetone, centrifuged, the acetone re- 
moved, and the residue resuspended in 150 cc 
of saline. Immunization of rabbits with hu- 
man brain. Intraperitoneal injections were 
given twice weekly to white, male rabbits (5- 
7 Ibs) starting with 1 cc of homogenate and 
increasing the dose by 1 cc a week until 5 cc 
were given in final fifth week. Before mixing 
with antiserum the same antigen homogenate 
was cleared by centrifuging at 4°C at 3000 
rpm for 15 minutes. Sera obtained by cardiac 
puncture of 8 immunized rabbits were pooled. 
A precipitate was observed at 1024-fold dilu- 
tion of this antiserum when the latter was 
mixed with antigen solution. Serum was ob- 
tained from (1) a group of 128 patients from 
the general medical and surgical service,t not 
having any known neuropsychiatric disorder. 
(2) A random group of 46 patients from neu- 
ropsychiatric wards, with various acute and 
chronic mental disorders, of which 2 were 
acute schizophrenia. (3) Group of 29 patients 
with schizophrenia, severe type.- (4) Group 
of 41 patients with paresis, but negative ser- 
ology. Sera from third group were collected 
before ataractic drug therapy and for 6 con- 


* In Press, Arch. Int. Med. 


+ Furnished through courtesy of Dr. J. L. Garey, 
Chief, Clinical Labs. 


TABLE I. Precipitin Formation with Human 
Serum vs Brain Antigen. 
Highest dilution 
No. in No. of serum giving 
Type of patient series positive a precipitin 
Medical & surgical 128 3 16, 32, 8 
Random 45 0 0 
Schizophrenic 29 il 8 
Paretie 41 i 80 


secutive weeks after drug administration. 
Cerebrospinal fluid was obtained from 10 pa- 
tients, 2 of which had neuropsychiatric illness 
and 2 had multiple sclerosis. Using adequate 
controls, microprecipitin tests were set up by 
mixing 0.2 cc of antiserum and 0.2 cc of brain 
antigen, human serum (diluted 1:4), or spinal 
fluid, incubating 1 hr. at 37°C, storing 18 hrs. 
at 4°C, centrifuging, and examining for pre- 
cipitate. 

Results. When serial dilutions of human 
serum were mixed with human brain solution 
(Table I), 3 individuals out of 128 general 
medical and surgical cases and 2 patients out 
of 115 neuropsychiatric cases gave a positive 
precipitin reaction, in dilutions of human sera 
ranging from 8 to 160 fold. A precipitate 
still resulted with sera drawn twice or thrice 
from these positively reacting patients, whose 
diagnoses were schizophrenia (1 case), pare- 
sis, (1 case), mild arthritis, (1 case), alcohol- 
ism (2 cases). 

When various dilutions of antibrain rabbit 
serum were mixed with sera of human sub- 
jects, a precipitation resulted in one out of 45 
random neuropsychiatric patients (2%), in 3 
instances out of 29 severe schizophrenic pa- 
tients (10.4%) and in 13 instances out of 41 
paresis patients (31.7%), (Table II). 


TABLE II. Precipitin Formation with Antibrain 
Rabbit Serum and Human Serum. 


Highest dilution 
of antiserum giv- 
ing a precipitin 


No. in No. 


Type of patient series positive 


Medical and 128 0 0 
surgical 
Random NP 45 i 640 
Schizophrenic 29 3 320, 320, 5120 
Paretic 41 13 160 (2 cases) 
320 (4 ” ) 
640 (2 ” ) 
12S 0N(Ome a) 
2560 (2 ” ) 
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TABLE III. Reactions of Cerebrospinal Fluid. 


Spinal fluid Antibrain 
mixed with human serum mixed Highest dilution 
IN. fia brain antigen with CSF of antiserum giv-* 
Type of patient series —— No. giving precipitin ——, ing a precipitin 
Non-neuropsychiatri¢ 6 0 6 8 (2 cases) 
1654 eee) 
Random neuropsychiatric 2 0 2 8, 16 
Multiple sclerotic 2 0 2 8, 32 


The sera from all severe schizophrenic pa- 
tients were secured before ataractic drug or 
placebo treatment and each week for 6 con- 
secutive weeks thereafter. Sera from 3 of 
these patients gave a positive precipitin reac- 
tion for all 7 specimens of each case. A wide 
range of antiserum dilutions was tried and 
led to clear precipitates from 80-fold to 5120- 
fold (Table II). 


The sera of 13 of 41 paretic patients showed 
a strongly positive reaction at various anti- 
serum dilutions; 6 sera tested a week later re- 
mained positive. 

Of 10 spinal fluids tested, none reacted with 
precipitin formation when mixed with brain 
antigen, but all gave a definite precipitin when 
mixed with antibrain serum (Table IIT), re- 
gardless of disease state of patient. 


Conclusions. Rabbit antiserum to a saline 
soluble component of human brain, when 
mixed with spinal fluids and with sera from 
patients with various illnesses, gave a precipi- 
tate with all spinal fluids and with 17 out of 
244 human sera. These positively reacting 
sera were from 4 schizophrenic and 13 paretic 
patients. On the other hand, human brain 


antigen mixed with human serum gave a pre- 
cipitate in 5 out of 244 cases. The 5 sera 
were from one arthritic, one paretic, one 
chronic schizophrenic and 2 alcoholic patients. 
The few sera reacting positively show that 
this is not a general flocculation phenomenon, 
but whether immune systems actually related 
to brain are being tested here, is the subject 
of further study. The relatively high num- 
ber of paretic patients giving a positive reac- 
tion with antibrain serum may have a bearing 
upon this. These results may provide a lead 
for further investigation of brain disease. 
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Reactions of Stuart Factor and Factor VII with Brain and Factor V. (24856) 


Crcit Houcir* 
Dept. of Clinical Pathology, University of Virginia, Charlottesville 


Several workers have shown that a potent 
prothrombin conversion factor forms on incu- 
bation of factor V (labile factor, Ac Globulin, 
proaccelerin) with serum and brain extract 
(1-4). This product can be sedimented by 
high speed centrifugation(1) and will, for 


* This investigation supported by grant from Nat. 
fear felnste NeleHew bares: 


convenience, be referred to as “extrinsic 
thromboplastin.” The factor in serum which 
takes part in formation of this product was 
believed to be factor VII (stable factor, pro- 
convertin, SPCA). The one-stage prothrom- 
bin time is prolonged in congenital deficiency 
of Stuart factor (SF) as well as congenital 
deficiency of factor VII so that it now appears 
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probable that SF is also involved. It is un- 
likely that PTC (factor IX, Christmas factor) 
plays a role since the one-stage prothrombin 
time is normal in congenital deficiency of this 
factor. There is, however, evidence that an- 
other factor named prephase-accelerator may 
be involved(5). The purpose of our work is 
to delineate the actions of PTC, factor VII 
and SF when incubated with brain and factor 
V. No attempt has been made to study the 
role of other factors such as “prephase-accel- 
erator” in this reaction. 

Materials and methods. Whole blood was 
collected in glass tubes and allowed to clot 
and to remain at 28°C for 24 hours before 
separating the serum. Plasma was obtained 
by adding 9 parts whole blood to 1 part 3.8% 
trisodium citrate and centrifuging at 3000 
rpm. Plasma and serum were stored at —20°C 
in small aliquots and aged 2 to 3 months at 
time of experiments. SF-deficient plasma and 
serum were obtained from patient (R.S.), pre- 
viously reported(6), with congenital defici- 
ency of SF. Factor VII-deficient plasma and 
serum were obtained through courtesy of Drs. 
Harold A. Wurzel, University of Penn. and C. 
L. Johnston, Jr., University of N.C. from pa- 
tient with congenital deficiency of factor VIT; 
some studies on this patient have been previ- 
ously made(7). Factor V was prepared from 
human blood by method of Biggs and Macfar- 
lane(8). The veronal buffer (pH 7.2) used 
in reaction mixtures was prepared by method 
of Owren(9). Dilution of reagents was car- 
ried out with physiological saline. In experi- 
ments to be described 0.2 ml factor V, 0.2 ml 
rabbit brain (DIFCO) diluted 1:50, 0.2 ml 
buffer and 0.2 ml test serum diluted 1:20 were 
mixed in this order. Exactly 10 seconds after 
addition of serum, 0.2 ml of 0.025 M CaClo 
was added and a stop watch started. At sub- 
sequent intervals 0.1 ml aliquots were re- 
. moved from incubating mixture and added si- 
multaneously with 0.1 ml 0.025 M CaCl, to 
0.1 ml plasma substrate and clotting times 
recorded. All experiments were carried out 
in water bath at 37°C. In experiments 
in which mixtures of various sera were used, 
the individual sera were first diluted 1:20 with 
normal saline before mixing. 

Results. Factor VIi-deficient and SF-de- 
ficient sera were separately incubated with 


factor V, brain extract and calcium chloride 
and coagulant activity of each incubating mix- 
ture was then determined using normal plasma 
substrate (see Methods). The results (Fig. 
1) show that in absence of SF, maximum ac- 
tivity or yield of “extrinsic thromboplastin” 
(reflected by shortest clotting time) was less 
than that of normal control. This experiment 
appears to show that factor VII deficiency af- 
fects rate of formation rather than yield of 
“extrinsic thromboplastin.” There was a de- 
crease of coagulant activity of normal incu- 
bation mixture (not shown in Figure) after 
minimum substrate clotting time (maximum 
yield) was attained; in such systems maxi- 
mum yield of “extrinsic thromboplastin” in 
absence of factor VII was usually slightly less 
than that of normal control. In other test 
systems this apparently inhibitory phase was 
not seen during experiment and factor VII- 
deficient serum always produced normal yield. 
In all experiments, however, in which factor 
VII-deficient serum was used instead of nor- 
mal serum, there was a delay in attaining 
minimum clotting time. A mixture of equal 
parts of SF and factor VII-deficient sera gave 
an essentially normal curve (Fig. 1) although 
the normal minimum was never quite reached. 
PTC-deficient serum gave normal result in 
respect of both rate and yield, and no further 
studies were carried out on reaction of this 
factor with brain. 

Mixtures of SF-deficient or factor VII-de- 
ficient serum with normal serum in varying 
proportions were then prepared and tested as 
above. It was found (Fig. 2) that relatively 
small amounts of normal serum produced sig- 
nificant although not complete correction. It 
should be noted that in this particular experi- 
ment, yield of “extrinsic thromboplastin” in 
absence of factor VII was normal. 

Effect of substitution of plasma deficient in 
factor VII or SF for normal plasma substrate. 
In preceding experiments, although normal 
substrate containing both factor VII and SF 
was used, an abnormal result was always ob- 
tained if one of these factors was excluded 
from incubation mixture. If normal serum | 
was included in the reaction mixture, the re- 
sults obtained using a substrate deficient in 
either SF or factor VII were identical to 
those obtained using normal plasma. When 
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FIG. 1. Effect of substituting factor VII or SF- 
deficient sera for normal serum in incubation mix- 
ture containing factor V, brain and calcium using 
a normal plasma substrate. 

FIG. 2. Effect of addition of small amounts of 
normal serum to factor VII or SF-deficient sera in 
formation of ‘‘extrinsie thromboplastin.’’ Normal 
plasma was used as substrate. 

FIG. 3. Effect of using factor VII-deficient 
plasma as substrate. Incubation mixture contained 
either normal or factor VII-deficient serum. 


SF-deficient serum was substituted for nor- 
mal serum in the incubation mixture, clotting 


Stuart Factor, Factor VII ANp BRAIN, Factor V 


times of SF-deficient plasma substrate were 
longer than those obtained using normal 
plasma substrate but in both instances low 
yields were obtained. 

When factor VII-deficient serum was sub- 
stituted for normal serum in the incubation 
mixture, the initial clotting times were longer 
with factor VII-deficient plasma substrate 
than with normal plasma substrate but the 
same minimum clotting times were eventually 
obtained (Fig. 3). SF-deficient plasma sub- 
strate gave results similar to normal plasma 
substrate when only factor VII was omitted 
from the incubation mixture. 

Discussion. ‘These results are understand- 
able if factor VII and SF participate in a re- 
action with factor V and brain, producing an 
“extrinsic thromboplastin” which  subse- 
quently reacts with prothrombin to form 
thrombin. If this is what really occurs, SF 
and factor VII would no longer be required 
once “extrinsic thromboplastin” is fully 
formed. If, however, one of these factors is 
excluded from incubation mixture, presence of 
deficient factor in the substrate would com- 
pensate by promoting formation of ‘extrinsic 
thromboplastin” in substrate clotting tube; 
such substrate clotting times would be ex- 
pected, of course, to be more prolonged than 
when all factors are present in incubation mix- 
ture. 

In our experiments there is an unavoidable 
carrying over of factor VII and SF into sub- 
strate clotting tubes. However, when factor 
VII is omitted from incubation mixture but 
included in substrate, time required for maxi- 
mum yield is same as when this factor is ex- 
cluded from both substrate and incubation 
mixture. This finding suggests that factor VII 
is required only for formation of “extrinsic 
thromboplastin” and not for subsequent reac- 
tion of “extrinsic thromboplastin” and _ pro- 
thrombin. Although the yield of “extrinsic 
thromboplastin” is greater when SF is omitted 
from the incubation mixture but present in 
substrate than when it is absent from both 
substrate and incubation mixture, it should 
not be inferred that SF is required both for 
action of “extrinsic thromboplastin” on pro- 
thrombin and for formation of “extrinsic 
thromboplastin.” It has already been men- 
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tioned that this greater yield would also be 
expected on the hypothesis that SF is required 
solely for “extrinsic thromboplastin.” The 
work of Flynn and Coon(1) suggests that this 
hypothesis is correct. These workers sedi- 
mented “extrinsic thromboplastin” by centri- 
fugation and then washed it by suspension in 
saline and recentrifugation; they showed that 
this washed material was active in converting 
purified prothrombin to thrombin in presence 
of calcium. The method of preparation of 
prothrombin was such that it is unlikely to 
have contained SF. However, this evidence 
is not entirely conclusive for some free SF not 
utilized in the initial formation of “extrinsic 
thromboplastin” might have been adsorbed 
onto this complex. 

When factor VII is excluded from both in- 
cubation mixture and substrate clotting tubes 
in thromboplastin generation test, normal 
yield is obtained, and there is also normal 
rate of evolution. Therefore, the finding that 
absence of factor VII from incubation mixture 
and substrate tubes affects rate of “extrinsic 
thromboplastin” formation although having 
little or no effect on yield is interesting. SF 
is essential for ‘intrinsic thromboplastin” gen- 
eration, primarily affecting yield, so that find- 
ing that this factor also primarily affects yield 
of “extrinsic thromboplastin” was not surpris- 
ing. 

Summary. Previous work showing that fac- 
tor V, serum, brain and calcium react together 
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to form an active prothrombin conversion fac- 
tor (“extrinsic thromboplastin’’) is confirmed. 
The active components in serum in respect of 
this reaction include both factor VII and SF 
but not PTC. SF appears to influence yield 
while factor VII primarily determines rate. 


AppENDUM. Although SF appears to affect yield 
rather than rate of formation of both “extrinsic” and 
“intrinsic” thromboplastin formation, work of Fisch 
and Duckert (Thromb. Diath. Haem., 1959, v3, 98) 
appearing since this paper was submitted indicates 
that SF acts as an enzyme in “intrinsic thrombo- 
plastin” formation. 


The author is extremely grateful to Drs. J. H. 
Ferguson, C. L. Johnston, Jr., and J. B. Graham of 
the U. of N. Carolina for use of their laboratories 
and generous supplies of rare sera. 
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Bird mites collected from various species of 
birds harbor the virus of Western Equine En- 
cephalitis (WEE) (1,2,3), and some investi- 
gators have shown that transmission of St. 
Louis encephalitis virus occurs when infected 
mites were allowed to feed on susceptible 
chickens(4,5). Inasmuch as no experiments 
on nasal mites were reported in the literature 
an attempt was made to recover WEE virus 
from inoculated sparrows and nasal mites har- 
vested from them. 


Materials and methods. Adult English 
sparrows of both sexes were captured from 
roosting places at night when flight activity 
was at aminimum. These birds were banded 
and bled from the heart for pre-inoculation 
neutralization test (reference sera); inocu- 
lated subcutaneously with 0.1 ml of WEE 
virus containing 140 chick LD;0; and turned 
loose in screened flight cage approximately 8’ 
x 12’ x 6’. The WEE virus (3742-c2) was 
isolated from a pool of Culex tarsalis mosqui- 


136 


toes collected in July 1954 at Greeley, Colo., 
and had been passed 2 times in day-old chicks. 
Forty-eight hours after inoculation, the birds 
were again bled from heart to establish 
whether or not WEE virus was in the circu- 
lating blood. Some sparrows did not survive 
this second bleeding so nasal mites were har- 
vested from nasal pasages for inoculation into 
susceptible chicks. Wet chicks were used as 
indicator of presence of virus and also in neu- 
tralization test as described by Chamberlain 
et al.(6). Twenty days after inoculation, sex 
determination was made after they were bled 
from heart. These blood samples were tested 
for presence of virus and neutralizing anti- 
bodies. Nasal mites of genera Ptilonyssus and 
Speleognathus were collected and pooled for 
inoculation into ‘‘wet” chicks. Mites were 
prepared for inoculation by grinding with 
pestle in mortar with a small amount of sterile 
alumdum and 5 ml of a 10% normal buffered 
horse serum. This material was centrifuged 
at 1500 x g and the supernate removed for 
inoculation. Because of limited amount of 
blood obtained on first bleeding, sera were 
screened at one dilution only (against 12 chick 
LD; ). Following exsanguination at 20 days 
postinoculation, a screening was made at 2 
levels, 150 chick LDs9 and 1650 LDso, again 
because of limited amount of sera. 


Results. There was a total of 489 Ptilonys- 
sus mites and 245 Speleognathus mites recov- 
ered from nasal passages of 44 sparrows. Al- 
though 40 of 44 had circulating WEE virus in 
the blood, none passed into the gut of mites 
at detectable levels using a very sensitive test 
animal (wet chicks). Those birds which did 
not have viremia had preinoculation neutraliz- 
ing indices of greater than 12 with one excep- 
tion, and this bird had both virus and anti- 
bodies. All inoculated birds tested, i.e., 36 of 
44, developed neutralizing indices of greater 
than 1650 after 20 days with one exception 
and this was greater than 150 but less than 
1650. 


Sex distribution of 30 females and 13 males, 
with one sex unrecorded at autopsy, did not 
demonstrate special susceptibility or resis- 
tance to either mites or WEE virus even 
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though 3 males of the 13 had no mites and 
only 1 of 30 female sparrows was free of mites. 

Discussion. Nasal mites which feed from 
epithelium of mucous membranes of nasal 
passages of sparrows probably are not vectors 
or reservoirs of WEE virus. The experiment 
described here adds evidence to agree with 
the conclusions of Reeves e¢ al.(7), Chamber- 
lain and Sikes(8) and Sulkin e¢ al.(9) that 
ectoparasitic mites are not important reser- 
voirs or vectors of encephalitis viruses. 

There appeared to be excellent correlation 
between presence of WEE antibodies and fail- 
ure to find virus after inoculation. It is un- 
fortunate that precise levels could not be de- 
termined on the small amount of sera from 
each bird. As might be expected, those birds 
which were successfully infected developed an- 
tibodies. Quite by chance one bird was found 
to have both antibodies and virus present. 

If it were possible to remove these mites and 
infect them by direct inoculation into the gut 
and return them to an unparasitized bird host, 
perhaps more information might be gathered. 

Summary and conclusion. 1. Twenty days 
after 44 English sparrows were each inocu- 
lated with 140 chick LD;9 amount of WEE 
virus, the collected nasal mites were devoid of 
virus using Chamberlain’s “wet” chick method 
of isolation. 2. Nasal mites of the English 
sparrow are probably not important vectors 
or reservoirs of Western encephalitis virus. 


1. Sulkin, S. E., Science, 1945, v101, 381. 

2. Izumi, E. M., Proc. Soc. Exp. Brox. anp Mep., 
1947, v66, 249. 

3. Miles, V. I., Howitt, B. F., Gorrie, R., Cock- 
burn, T. A., zbid., 1951, v77, 395. 

4. Smith, M. G., Blattner, R: J.) Hays, EF) Ma Je 
Exp. Med., 1947, v86, 229. 

5. , ibid., 1946, v84, 1. 

6. Chamberlain, R. W., Sikes, R. K., Kissling, R. E., 
J. Imm., 1954, v73, 106. 

7. Reeves, W. C., Hammon, W. McD., Doetchman, 
W. H., McClure, H. E., Sather, G., Am. J. Trop. Med. 
and Hyg., 1955, v4, 90. 

8. Chamberlain, R. W., Sikes, R. K., ibid., 1955, 
v4, 106. 

9. Sulkin, S. E., Wisseman, C. L., Izumi, E. M., 
Zarafoneitis, Christine, ibid., 1955, v4, 119. 


Received February 9, 1959. P.S.E.B.M., 1959, v101. 


C34, 


Existence of Fatty Acid Peroxides in Normal Blood and Tissues of 
Man and Animals.*t (24858) 
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Laboratory Service, N. Y. Vet. Admin. Hospital, in affiliation with N. Y. University College 
of Medicine 


It is well known that fatty acid peroxides 
are formed in the presence of hemoglobin and 
other heme compounds(1), and there is evi- 
dence suggesting a tocopherol as an in vivo 
inhibitor of unsaturated fatty acid oxidation 
catalyzed by hematin compounds(2). How- 
ever, it is not unlikely that fatty acid perox- 
ides may be formed normally in small 
amounts from unsaturated fatty acids in ani- 
mal body and may have a role in metabolism. 
Many methods will detect fatty acid perox- 
ides in pure solution. Of these the thiobar- 
bituric acid method (TBA) of Kohn and Liv- 
ersedge(3) is positive in extracts of most ani- 
mal tissues, but negative in blood. The indo- 
phenol dye method and thiocyanate method 
described by Glavind and Hartmann(4) are 
negative in normal tissues and in blood. It 
has been claimed that fatty acid peroxides can 
be detected in blood with methods based on 
liberation of iodine from potassium iodide 
(5,6). In spite of many inferences that fatty 
acid peroxides may be present normally in 
the animal body, few workers have been will- 
ing to conclude that this is so(5,6,7). In this 
paper we shall present evidence that fatty 
acid peroxides are present normally in both 
blood and tissues. 

Methods. We found that sensitivity of the 
TBA reaction can be increased markedly by 
presence of 9.6 x 10°* M ferric chloride. Con- 
trol experiments with esters of linoleic, lino- 
lenic and arachidonic acids showed that auto- 
oxidation does not take place under conditions 
of the reaction. Using a method developed 
for these conditions, we found much reacting 
material in blood of man and many species of 
animals and in most normal and abnormal 
tissues. However, it was apparent that much 
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of the reacting material was not fatty acid per- 
oxides, but substances which behave like ace- 
taldehyde, which gives the reaction in pres- 
ence of this concentration of iron. A study 
was made of the effect of varying concentra- 
tions of iron on the TBA reaction. In Fig. 1 
it is seen that in alcohol-ether solutions of par- 
tially oxidized polyethenoid fatty acids almost 
maximum color is attained at 1.2 x 10+ M 
ferric chloride. In acetaldehyde only about 
10% of maximum color is attained at this 
concentration of iron. In alcohol-ether ex- 
tracts of blood and tissues TBA values ob- 
tained at 1.2 x 10°* M are about 43 and 79%, 
respectively, of those obtained at 9.6 x 10 
M ferric chloride. This indicates presence of 
acetaldehyde-like material in both blood and 
tissues which agrees with results of other 
studies. Blood apparently contains a larger 
amount of the contaminating substances than 
tissue. It appeared that 85% of the fatty 
acid peroxides and only about 10% of the 
acetaldehyde substances would react at 1.2 
x 10+ M iron. To obtain more evidence, 
especially in the case of blood, that unsatu- 
rated fatty acids exist partially in the oxi- 
dized peroxide form, the fatty acid fractions 
of blood and tissues were isolated under 
anaerobic conditions. Methods used were in- 
dophenol dye and thiocyanate methods of 
Glavind and Hartmann and the unmodified 
TBA method in absence of iron, since acetalde- 
hyde-like material is not detected under these 
conditions. Experiments were performed on 
fresh normal human blood and on liver ex- 
cised from living rats anaesthetized with ether. 
Air was excluded at all steps using nitrogen 
from heated copper coil and the entire pro- 
cedure was conducted as rapidly as possible. 
The fatty acid fraction was isolated by the 
method of Stoddard and Drury(9) in which 
the acids were finally precipitated from aque- 
ous acid solution in the cold. Peroxides were 
not detected by any of the 3 methods in fatty 
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FIG. 1. Effect of varying concentrations of fer- 
ric chloride on TBA reaction. 

FIG. 2. Effect of linoleate peroxide on lipoxi- 
dase-linoleate system. Curve 1, control with saline; 
2, same with 0.002 «M linoleate peroxide; 3, con- 
trol with 0.05 ml of 4% bovine albumin; 4, bovine 
albumin plus 0.002 ~M linoleate peroxide. Indue- 
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acids isolated from blood. On the other hand, 
peroxides were detected in fatty acids isolated 
from tissues by all 3 methods. However, only 
about 4-18% of the quantity apparent in 
original tissue was recovered in the precipi- 
tated fatty acids. The results obtained in 
control experiments with mixtures containing 
partially oxidized polyethenoid fatty acids 
were similar, and only about 4% of the reac- 
tion was recovered in precipitated acids. Some 
of the reactive material remained in filtrates 
from fatty acids of both tissue and in control 
experiments, but there was still a loss of more 
than 50% in each case. Stearic acid added to 
blood and tissues was recovered quantita- 
tively in other control experiments performed 
similarly except that acids were determined in 
the usual way by titration with standard al- 
kali. 

To show that fatty acid peroxides are pres- 
ent in blood, and that failure of total isolated 
fatty acids of blood to yield positive reactions 
with the 3 methods tested was due to low con- 
centration of fatty acid peroxides and to losses 
encountered during isolation, another method 
was tried. Haining and Axelrod(8) showed 
that induction period which occurs during 
lipoxidase catalyzed oxidation of fresh so- 
dium linoleate, can be abolished by about 5 
x 10° pmoles of linoleate peroxide. Since 
this effect of fatty. acid peroxides appeared 
specific, it seemed a good method to use for 
demonstration of these substances in blood. 
Fresh blood was transferred directly from a 
syringe to ice cold test tube containing oxa- 
late. Nitrogen gas was bubbled through the 
tube, and plasma prepared in an atmosphere 
of nitrogen. The procedure of Haining and 
Axelrod was followed in detail. Fig. 2 shows 
values of optical density at 234 my in the sys- 
tem of lipoxidase-linoleate. Curves 1 and 2 
are saline control and test curve with 0.002 
umoles of linoleate peroxide. Curves 3 and 
4 are control with bovine albumin and test 
curve of albumin plus 0.002 »M of peroxide. 
Despite the fact that presence of albumin di- 


tion period is indicated at point of origin of dotted 
line on curves. 

FIG. 3. Effect of blood plasma on induction 
period of lipoxidase-linoleate system. Curve 1, con- 
trol with bovine albumin; 2, test curve for 0.04 ml 
plasma instead of albumin, 
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minishes values of optical density, the induc- 
tion period in its presence is approximately 
the same as in its absence. Fig. 3 shows the 
same system for a bovine albumin control and 
a test curve containing 0.04 ml of plasma but 
no added peroxide. It is evident that 0.04 
ml of the plasma reduces the induction period 
approximately by half. This experiment was 
repeated several times on this plasma with 
the same result, and similar results were ob- 
tained in several other plasmas. From this 
effect on lipoxidase-linoleate system one can 
calculate the amount of fatty acid peroxides 
in blood, since 0.001 pmole is required to re- 
duce the induction period of the system in 
half. The value of 2.5 pmoles of fatty acid 
peroxides/100 ml calculated in this way com- 
pares with other values of fatty acid peroxides 
estimated in 36 human blood serums from nor- 
mal subjects and patients with a variety of 
clinical conditions, by the TBA method with 
1.2 x 10°* M ferric chloride. Values of TBA 
reaction calculated in terms of pmoles of lino- 
leate peroxide from the value of 30,000 for the 
extinction coefficient at 234 mp for completely 
peroxidized linoleic acid reported by Holman 
(10) yield a range of 8.6 to 35/100 ml. The 
values calculated from indophenol dye equiva- 
lent(4) yield a range of 12.4 to 50.7 pmoles of 
fatty acid peroxides/100 ml. 

Similar calculations of fatty acid peroxides 
in 52 samples of rat tissues were made from 
results of the TBA method with 1.2 x 10°* M 
ferric chloride. Calculation from extinction 
coefficient at 234 my of oxidized linoleic acid 
gives a range of 1.86 to 4.86 wmoles of fatty 
acid peroxides/g of fresh tissue. Calculation 
of TBA values from analysis of linoleate per- 
oxide with indophenol dye gives a range of 
2.68 to 7 pmoles/g. Roughly the same pro- 
portion of polyethenoid fatty acids of both 
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tissue and blood exists as fatty acid peroxides. 

Summary. 1. Evidence is presented for 
presence of fatty acid peroxides in normal ani- 
mal tissues and in blood. Total fatty acid 
fractions isolated from tissues yielded positive 
values with the thiobarbituric acid method 
and with indophenol dye and _ thiocyanate 
methods. Blood, which was not found to re- 
act positively by the 3 methods on isolated 
fatty acids, contained fatty acid peroxides 
from their ability to diminish induction pe- 
riod of the lipoxidase-linoleate system. 2. A 
modified method in presence of 1.2 x 10°* M 
ferric chloride has been developed for thiobar- 
bituric acid reaction, which apparently yields 
values for fatty acid peroxides in blood as 
well as in tissues. 


We are indebted to Dr. Joseph L. Haining for sug- 
gesting that fatty acid peroxides could be demon- 
strated by their effect on induction period of lipoxi- 
dase-linoleate system. 
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Utilization of Labeled Proteins in Synthesis of Tissue Proteins.* 
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Numerous studies indicate that proteins ad- 
ministered parenterally can supply body pro- 
tein needs over long periods of time(1-7). 
Howland and Hawkins(5) and Whipple and 
Madden(6) observed a positive nitrogen bal- 
ance and no significant nitrogen loss in urine 
when plasma proteins were given to dogs in- 
travenously, and increased excretion of nitro- 
gen when plasma was given orally. These re- 
sults were presented as evidence that injected 
plasma proteins are more completely utilized 
by the body than are orally administered pro- 
teins, and that injected plasma proteins can 
be utilized for synthesis of tissue proteins 
without prior breakdown to their constituent 
amino acids. Other workers(7-10), however, 
suggest that proteins administered intrave- 
nously diffuse into the lymphatics, and are 
then slowly metabolized, breaking down grad- 
ually and probably completely to amino acids. 
Yuile e¢ al.(11) studied metabolism of C14- 
lysine-labeled albumin and globulin adminis- 
tered intravenously to dogs. They found that 
transfer of radiocarbon from plasma to tissue 
proteins is accompanied by very small loss 
of radioactivity in urine and expired air; there 
was no evidence of complete breakdown to 
amino acids suggesting that plasma proteins 
are utilized in body economy as such, or after 
only partial catabolism within the cell. The 
following report presents data suggesting that 
isotopically-labeled proteins enter ascites cells 
in vitro, are utilized for synthesis of cell pro- 
teins, and do not appear to be completely 
broken down to their constituent amino acids. 

Methods. Ehrlich mouse ascites carcinoma 
cells were obtained as described(12) and re- 
suspended in 5 volumes of solution (Incuba- 
tion Media) having following composition; 
0.02 M potassium phosphate buffer, pH 7.8; 
0.035 M potassium bicarbonate; 0.025 M 
potassium chloride; 0.004 M magnesium 
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chloride; and 3 mg of heparin/100 ml. Two 
ml aliquots of the cell suspension were incu- 
bated with radioactive proteins or an equiva- 
lent amount of radioactivity as free amino 
acids for varying periods to 6 hours. At end 
of incubation the cells were recovered by cen- 
trifugation, washed twice with cold Incuba- 
tion Media, precipitated with trichloroacetic 


acid and total acid-soluble and protein frac- 


tions isolated(13,14). In experiments in 
which the cellular fractions of ascites cells 
were prepared by differential centrifugation 
(15-17) following incubation, total acid-sol- 
uble and protein fractions were obtained from 
individual cellular fractions by similar pro- 
cedure. Determinations of radioactivity were 
carried out by direct plating method(17). 
Ascites cell and plasma proteins were labeled 
in vivo by single intraperitoneal injections of 
1 mg of DL-leucine-2-C™ (specific activity = 
4.5 x 10° cpm/mg) or 4 mg S*°-L-methionine 
(specific activity — 6 x 10° cpm/mg), into 
tumor bearing mice. Forty-eight hours after 
injection of isotopic amino acid, the ascites 
tumor was removed and cells and plasma sepa- 
rated by centrifugation. Plasma proteins 
were dialyzed overnight against running water 
at 4°, then for 4 hours against 10 volumes of 
Incubation Media. An insoluble residue, 
formed during dialysis, was removed by cen- 
trifugation and discarded. The labeled as- 
cites cells were lysed in distilled water(17), 
centrifuged at 144,000 x g for 2 hours, and 
the supernant dialyzed as described above. 
Results. In vitro incorporation of radiocar- 
bon from plasma proteins labeled with C14- 
leucine or S*°-methionine, and from corre- 
sponding free amino acids is presented in Fig. 
1. Approximately 16,000 cpm of C!-leucine 
(1A) or C'4-plasma proteins (8 mg, 1B) and 
40,000 cpm of S*°-methionine (1C) or S$35- 
plasma proteins (6 mg, 1D) were incubated 
with ascites cells for 1, 2, 4 and 6 hr in total 
volume of 3 ml. Transfer of C™ or S®®° from 
plasma proteins to cell proteins occurred with- 
out accumulation of significant levels of acid- 
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FIG. 1. Incorporation of radiocarbon into ascites 
cell protein and acid soluble fractions. Cells were 
incubated with C*-leucine (A), C-labeled ascites 
plasma proteins (B), S*-methionine (C) and S*- 
labeled ascites plasma proteins as described in text. 


soluble radioactivity whereas in experiments 
with free amino acids, markedly higher levels 
of acid-soluble radioactivity occurred con- 
comitantly with incorporation into proteins. 
Plasma proteins (140,000 cpm, 20 mg) and 
in a separate experiment cell proteins (180,- 
000 cpm, 15 mg) previously labeled in vivo 
with S*°-methionine, were incubated with as- 
cites cells for 1 hour in total volume of 5 ml. 
Following incubation, the cells were recov- 


ered by centrifugation, lysed in distilled water 
and separated into nuclear, mitochondrial, 
microsomal and supernatant fractions(17). A 
similar experiment was carried out with S°- 
L-methionine (150,000 cpm). The results 
are summarized in Table I. Radioactivity was 
recovered in proteins of most fractions from 
cells incubated with labeled plasma proteins; 
no radioactivity was detected in acid-soluble 
fractions. Incubation with S*°-cell proteins 
obtained from the cellular supernatant of la- 
beled ascites cells revealed significantly higher 
levels of radioactivity in proteins of cell frac- 
tions isolated, as compared to plasma protein 
incubations. Radioactivity was also detected 
in the acid-soluble fraction from nuclei, mito- 
chondria and supernatant but not from micro- 
somes; in most cases, however, protein-bound | 
radioactivity was significantly greater than 
acid-soluble radioactivity. It should be 
pointed out that the nuclear fraction is prob- 
ably contaminated to some extent with whole 
cells not lysed by this procedure. 

Significant incorporation of radiosulfur 
from S*°-L-methionine into the proteins of 
various cellular fractions occurred during in- 
cubation period; non-protein radioactivity, 
however was higher in all fractions. 

The small amounts of radioactivity found 
in acid-soluble fraction prepared from the in- 
cubating media after removal of ascites cells 
by centrifugation (Table I), may have been 
due to adsorbed free amino acids not  re- 
moved by dialysis during preparation of la- 
beled proteins or to incomplete precipitation 
of some labeled proteins used as substrates. 


TABLE I. Incorporation of Radioactivity from S*-Labeled Proteins and S*-L-Methionine into 
Proteins of Ascites Cell Fractions. 


r Total radioactivity: ~ 
Plasma proteins Cell proteins L-methionine 
be lhr to 1 hr bo lhr 
Total acid-soluble 
Nuclei 0 0 0 135 897 4,433 
Mitochondria Om 0 0 291 0 125 
Microsomes 0 0 0 0 0 1,320 
Supernatant 0 0 162 548 4,218 34,080 
Incubation media 3640 3948 3456 2183 146,000 106,000 
Proteins 
Nuclei (8mg) 78 350 104 4586 18 902 
Mitochondria ( 1 ” ) 0 1 8 104 6 42 
Microsomes ( 5 ” ) 26 41 19 2889 16 241 
Supernatant (11 ” ) 198 1133 59 2931 5 1,078 
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Low levels of radioactivity recovered in 
acid-soluble fractions following incubation 
with labeled cell proteins suggest that these 
proteins may have been degraded to some ex- 
tent to low-molecular weight products either 
as the result of catheptic hydrolysis or of 
metabolic degradation. Incubations with iso- 
topic free amino acids led to accumulation of 
considerable amounts of free amino acids 
within the cell during incorporation into 
proteins; however, incubations with _ iso- 
topic proteins led to labeling of pro- 
teins without significant accumulation of in- 
tracellular free amino acids. These results 
suggest that ascites cells can utilize proteins 
for synthesis of tissue proteins by pathways 
which do not involve complete breakdown 
to free amino acids or low molecular weight 
peptides. The observation that protein of 
cellular fractions of ascites cells contains ra- 
dioactivity following incubation with labeled 
proteins, would indicate that the proteins used 
as substrates enter the cell and that protein la- 
beling is not due to adsorption on cell surface 
as might be interpreted from studies with in- 
tact cells (Fig. 1). The failure of Fillerup 
et al.(18) to observe penetration and oxida- 
tion of C'*-labeled albumin by ascites cells 
may have been due to low levels of radioac- 
tivity used in their incubation. 

It is interesting that incubations with sol- 
uble proteins obtained by high speed centrifu- 
gation of lysed radioactive ascites cells lead 
to a significantly greater labeling of cell pro- 
teins than with labeled ascitic plasma pro- 
teins. 

Summary. Ehrlich ascites cells were incu- 
bated in vitro with radioactive amino acids 
or radioactive ascites proteins prepared bio- 
synthetically. Incubations with free amino 
acids resulted in accumulation of large 
amounts of radioactivity in the acid-soluble 
fraction and in incorporation of radioactivity 


into the proteins. Incubations with labeled 
proteins resulted in labeling of cell proteins 
without significant accumulation of radioac- 
tivity in the acid-soluble fraction. Radioac- 
tive proteins were isolated from various cell 
fractions of ascites cells following incubation 
with labeled free amino acids or proteins. 
These results suggest that proteins enter as- 
cites cells where they are utilized for synthe- 
sis of cellular proteins; free amino acids do 
not appear to be intermediates in this process. 
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Galactose and Bile Flow.* (24860) 


FRANKLIN W. HeccENEss (Introduced by E. S. Nasset) 
Dept. of Physiology, University of Rochester School of Medicine and Dentistry, Rochester, N. Y. 


Galactose and lactose have several physi- 
ologic properties not characteristic of other 
carbohydrates(1,2,3). Rats ingesting these 
sugars in sufficiently high amounts exhibit 
transient diarrhea, ruffed fur and paw edema 
and eventually develop cataracts. Galacto- 
suria, polyuria and polydypsia occur. In 
some studies concerning dietary carbohy- 
drates and gastrointestinal secretions another 
property peculiar to these sugars appeared. 
Bile volume flow is depressed following inges- 
tion of these but not other sugars. 

Method. Rochester colony albino rats (125 
to 150 g) were maintained on diet of dog 
checkers. After 24-hour fast they were anaes- 
thetized with di-ethyl ether and the bile duct 
cannulated with polyethylene tubing. In 
some animals the carotid artery was similarly 
cannulated. Animals were then placed in re- 
straining cages and allowed to recover from 
the anesthesia. Bile flow was measured in 
30-minute periods by means of graduated 
pipette attached to polyethylene cannula. 
After 4 or more determinations of flow during 
fasting state, the animals were administered 
a test dose of carbohydrate by stomach tube 
or via intra-arterial cannula. Volume flow 
determinations were continued for 6 or more 
periods. Collected bile was not returned to 
animal. Calcium analyses were done by flame 
photometer. 

Results. During fasting control periods, 
flow rates in individual rats varied less than 
5% but the range was 0.25 ml of 0.80 ml/ 
hour. In each animal average flow rates dur- 
_ing 4 or more fasting periods were averaged 
and this flow rate assigned a value of 100%. 
Flow rate during each period was computed 
as percentage of average control rate of flow. 

Every sugar tested by intra-arterial injec- 
tion caused a transient drop in flow lasting 30 
minutes. In Table I are summarized data on 
flow rates as percentage of control during a 
2 hour interval, starting 30 minutes after ad- 

* Supported by research grant from Nat. Inst. 
Health. 


ministration of test sugar. Glucose adminis- 
tered by stomach tube or by intra-arterial in- 
jection did not modify bile volume flow. Of 
several pentoses tried a small and barely sig- 
nificant depression in flow followed only ad- 
ministration of L-xylose and D-lyxose. Pre- 
liminary observations suggest that fructose 
and sucrose likewise do not change bile flow. 
Galactose in dosages of one mg and more/g of 
body weight causes depression in bile flow 
lasting 2 or more hours. Fig. 1 shows time 
course of bile flow following oral administra- 
tion of several dosages of galactose. In gen- 
eral response is proportional to dosage used. 
Dosages of 25 mg of this sugar given intra- 
arterially appear to enhance slightly volume 
flow. Lactose administered orally depressed 
bile flow to lesser extent than would be pre- 
dicted on basis of its galactose content. This 
may be related to differences in absorptive 
rates of the monosaccharide administered 
alone as compared to galactose in the disac- 
charide which must first be hydrolyzed. 
When protein was fed along with galactose 
or lactose the depression in bile flow was 
much less marked. In animals administered 
500 mg of lactose plus 200 mg of protein 
(egg albumin) volume flow averaged 103. + 
6% of control flow. Following feeding of 500 


TABLE I. Volume Flow of Bile. it 
No. Bile flow (% 


Sugar Dosage Route animals control flow) 
Glucose 500 Oral 9 100 + 7t 
250 TAS 9 96+ 4 
Galactose 250 Oral 9 75+ 4 
500 y 8 59 + 5 
25 TA. 9 114+ 4 
250 ¥ 10 65+ 5 
Galactose —° 250 Oral gy (Sas C 
+ glucose each 
Lactose 500 i 9 82+ 4 
D-ribose 200 Daas 4 107 + 4 
D-arabinose a ie ul 100 +11 
L-arabinose S e 7 106+ 6 
D-lyxose 2 mi 4 88+ 4 
L-xylose + 4g 6 86+ 4 


* Tntra-arterial, + Mean + stand. error. 
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FIG. 1. Bile volume following oral galactose ad- 
ministration. 


mg of galactose plus 300 mg of protein, vol- 
ume flow of bile averaged 81 + 2% of con- 
trol rate in comparison to 59% when this 
quantity of galactose was given alone. 

When volume flow remained constant there 
was no change in total solids content of bile 
collected during 2 successive periods before 
and after feeding. In 8 animals, at flow rate 
of 0.35 ml/hour total solids were 3.4 + 0.4% 
in both periods. Inorganic solids were 1.18 
+ 0.11% during first period and 1.08 + 0.08 
during second period. In 8 animals in which 
flow rates decreased from average of 0.50 + 
02 to 0.35 + .02 ml/hour due to galactose 
administration, solids content likewise re- 
mained unchanged. In fasting period total 
solids were 3.60 + .20% with 1.13 + 07% 
inorganic solids. In the period following gal- 
actose administration with lower flow rates, 
total solids were 3.50 + 0.37% and inorganic 
solids were 1.08 + .06%. Calcium concen- 
tration in bile was likewise unchanged when 
volume flow was reduced by galactose admin- 
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istration. In 15 animals at flow rates of 0.48 
ml/hour calcium concentration was 6.57 = 
42 meq/liter as compared with 5.98 + .54 
meq/liter when flow rate reduced to average 
of 0.29 m/hr. 

The mechanism by which depression of bile 
flow is produced is unknown. Galactose has 
a trans arrangement of the hydroxyl groups 
on carbon atoms 4 and 5. Glucose, fructose 
and 3 of pentoses used that did not influence 
bile flow have a cis arrangement of these 
comparable hydroxyl groups. The 2 pentoses 
that produced small reductions in bile volume 
flow have the same arrangement of these hy- 
droxyl groups as does galactose. This raises 
the possibility of stearic induced inhibition of 
secretion of bile. Further studies are planned 
using other carbohydrates with cis and trans 
arrangements of these hydroxyl groups and 
the effect of increasing amounts of glucose on 
inhibition of bile flow by standard dosage of 
galactose. 

Summary. Galactose and lactose depressed 
volume flow of bile in the rat. This depres- 
sion is in general proportional to dosage of 
galactose administered. Addition of protein 
to test meal of galactose or lactose lessens the 
effect of these sugars on bile flow. Since com- 
position of bile as to inorganic and organic 
solids and calcium remained constant at dif- 
ferent rates of flow, the excretion of these sub- 
stances is proportional to volume flow. 
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In vitro Inhibition of Growth of M. tuberculosis by Certain 11-Oxygenated 


Steroids. 


(24861) 


A. R. HeNNEs, H. G. Mucumore,* H. G. McCiuret ann J. F. HAMMARSTEN 


Medical Service, V. A. Hospital and University 


It has been demonstrated in numerous ani- 
mal experiments that glucocorticoids decrease 
the inflammatory response of host to tubercu- 
losis(1). There is ample clinical evidence 
that administration of these hormones in ab- 
sence of adequate antibiotic coverage may 
activate latent tuberculosis in man(2). De- 
spite this large body of evidence about in vivo 
effects of 11-oxygenated steroids, little is 
known about the effect of these hormones on 
the tubercle bacillus itself. We found that 
certain of these hormones can exert a pro- 
found suppressant effect on mycobacterial 
growth in vitro. 


Procedure. A standard inoculum, 0.1 cc of 
a 1 x 10°? dilution of stock cultures in logar- 
ithmic growth phase at O.D. .509 of H 37 RV 
and several local isoniazid sensitive and resis- 
tant strains of M. tuberculosis was used in 
all studies. Crystalline hydrocortisone or 
corticosterone was added in several concen- 
trations in distilled water to the following 
synthetic culture medium: (Aldridge, Much- 
more and Felton—in preparation) 


Potassium phosphate, monobasic 5. g 
Ammonium chloride 5. g 
Magnesium citrate ils g 
Potassium sulfate, dibasic 9) g 
Tween 80, certified 2 ml 
Ferrie ammonium citrate .0025 g 
Distilled water, to make 980. ml 


Adjust to pH 6.8 with solid KOH; autoclave; 
add 20 ml of sterile 50% glucose. Bacterial 
growth was determined by measuring optical 
density at 525 mp at various intervals after 
inoculation. Optical density values represent 
a mean of 4-5 culture tubes in each instance. 
Results. In 5 experiments with 3 isoniazid 
sensitive strains 100 pg/ml of hydrocortisone 
produced a striking decrease in bacterial 
growth and marked increase in apparent lag 
phase. None of the bacilli grown in this con- 
centration of hydrocortisone entered the usual 


*V. A. Clinical Investigator. 
t Oklahoma Tuberculosis Assn. Trainee, 


of Oklahoma School of Medicine, Oklahoma City 


accelerated growth phase, although some es- 
cape from steroid effect was sometimes seen at 
22-24 days after inoculation. Ten pg/ml 
produced slight slowing of growth in some 
strains. One »g/ml was without apparent ef- 
fect. Isoniazid resistant organisms isolated 
from same patients following unsuccessful 
isoniazid treatment were similarly inhibited by 
hydrocortisone. 


Growth of standard strain H 37 RV ob- 
tained from Trudeau Laboratory, was also in- 
hibited by hydrocortisone at concentration of 
100 pg/ml. Twenty pg/ml produced slight 
slowing of growth (Fig. 1). In 1 sensitive 
and 1 resistant strain 100 pg/ml of corticos- 
terone produced similar depressant effects. In 
both these strains 1 and 10 pg/ml produced 
slight slowing of growth. Table I summarizes 
these data. 


No change in acid fastness of bacilli grown 
in these various concentrations of steroid was 
noted. 


Hydrocortisone inhibition of bacterial 
growth is apparently limited to certain species. 
In 8 experiments no effect of hydrocortisone 
in concentrations of 100 pg/ml could be de- 
tected on growth or generation time of E. coli 
isolated from blood of patient who showed 


Se EY 
Pesci 
H-37-Rv ae 
12 Lie 
As 
CONTROL — dg 
1.0 Hips 
10 meg HYDROCORTISONE/ml ¢ += = ===" ) 
Ae 
20 meg HYDROCORTISONE/ml @----8 
8 / 
100 meg HYDROCORTISONE/ml gererereve f/ 
iy 
/ 
9 4 8 12 16 20 u 2B 32 % 


DAYS AFTER INOCULATION 


FIG. 1, 


146 


INHIBITION oF GRrowTH OF M. tuberculosis 


TABLE I. Per Cent of Control Optic Density at Approximate Mid-point of Growth Curve. 
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INH-S 


STING 


TA) Cc 
L-21-S L-22-S L-22-S L-22-S H-37-RV L-21-R L-22-R L-22-R L-22-R 
(1) (2) (3) (1) (2) (3) 
Control 100 100 100 100 100 100 100 100 100 
Hydrocortisone 
1 ng/ml 93 93 99 96 102 98 
10 76 89 87 100 75 92 95 98 
20 81 87 78 
100 23 22 36 29 13 34 21 29 23 
Corticosterone 
1 ug/ml 86 82 
10 67 7 
100 10 19 


dramatic improvement after I.V. hydrocorti- 
sone semi-succinate. 

Discussion. 11-oxygenated adrenal steroids 
have been previously shown to depress multi- 
plication of cells. Glucocorticoids profoundly 
suppress mitoses in rat epidermis in culture 
with glucose, fructose, lactate, or pyruvate as 
substrate(3). This effect has been confirmed 
in vivo(4). 

Perhaps more closely related to the present 
study is the work of Lester, Stone, and Hech- 
ter(5) with Neurospora crassa. These authors 
have recently shown that desoxycorticosterone 
at concentration of 250 ng/ml of culture me- 
dium produces approximately 50% suppres- 
sion of mycelial growth. Hydrocortisone and 
cortisone were inactive at comparable concen- 
trations(5). In another study Lester and 
Hechter found that desoxycorticosterone can 
inhibit growth of many Gram positive bacte- 
ria, but is ineffective against Gram negative 
bacteria except for N. catarrhalis(6). Hirsch, 
on the other hand, has found that cholesterol 
stimulates growth of MV. tuberculosis at a con- 
centration of approximately 100 »g/ml(7). 
Cortisone had no effect on growth of M. tuber- 
culosis in vitro. However, when tubercle ba- 
cilli were placed in collodion coated bags into 
the peritoneal cavity of guinea pigs, parenteral 
administration of cortisone decreased multi- 
plication of the bacilli(8). 

Concentration of corticosteroid which mark- 
edly inhibits im vitro mycobacterial growth is 
well above that obtainable in blood after 
rapid I.V. injection of 100 mg(9). However, 
corticosteroids may be concentrated in tissues 
(10). Further, under certain circumstances 


such as intrathecal administration of hydro- 
cortisone for tuberculosis(11) concentrations 
in spinal fluid may equal or exceed those re- 
quired for marked inhibition im vitro. 

It is possible that the total effect of admin- 
istration of certain corticosteroids may be a 
balance between an effect on decreasing multi- 
plication of M. tuberculosis and an effect on 
decreasing host response to infection, the lat- 
ter predominating under usual circumstances. 
There is, however, no necessary correlation 
between depression of host response and sup- 
pression of bacillary growth. Corticosterone, 
though possessing only % - % the anti-in- 
flammatory potency of hydrocortisone in man, 
is as effective as hydrocortisone in inhibiting 
mycobacterial growth. 

A bacterial system of this type may per- 
haps be of use both for determining nutritional 
requirements of the tubercle bacillus and for 
studying in vitro effects of certain mammalian 
steroid hormones. 

Summary. Hydrocortisone and corticos- 
terone in a concentration of 100 pg/ml mark- 
edly inhibit growth of isoniazid sensitive and 
resistant strains of tubercle bacilli grown in 
a simple synthetic culture medium. Ten and 
20 pg/ml produce slight slowing of growth in 
some strains. 
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Effect of Certain Androgenic Steroids and Cortisone on Gastric 


Ulcerogenesis in Fasting Rats. 
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When intensive corticoid treatment is asso- 
ciated with 4 days fasting in rats, steroid gas- 
tric ulcers develop in about 90% of animals. 
These ulcers are always found in glandular 
portion of stomach and closely resemble hu- 
man peptic ulcers. Fasting alone, on the 
other hand, results in forestomach ulcers, simi- 
lar to typical lesions of the Shay rat. Robert 
and Nezamis(1) propose this technic of ulcer 
production as assay for ulcerogenic property 
of steroids. Several factors may be respon- 
sible for steroid gastric lesions. Most fre- 
quently quoted hypotheses concern post- 
steroid changes in gastric secretion, antiphlo- 
gistic role of corticoids and possible decrease 
of gastric mucus synthesis(1,2). We showed 
that sulphated mucosubstances are reduced in 
both gastric tissue and gastric juices of rats 
treated with cortisone(3). The mechanism 
of this steroid action is, however, not clear. 
That corticoids exert a general anti-anabolic 
effect will be taken into consideration when 
interpreting any local effect of these hor- 
mones. It is known, for example, that the 
effect of cortisone on tissue healing and on 
synthesis of collagen is anti-anabolic and that 
the antiphlogistic role of corticoids is partly 
explained by this effect(4,5). Some anti- 
anabolic effects of cortisone may be offset 
however by certain anabolic androgens(5,6,7), 
and it seemed interesting to investigate this 
problem using above mentioned method of 
producing cortisone ulcers in rats. The pres- 
ent report concerns investigation of possible 
protective action of some synthetic androgens 


of Surgery, University of Alberta, Edmonton 


on development of gastric ulcers in fasting 
cortisone treated rats. 

Materials and methods. Male rats of Wis- 
tar strain, of body weight 195 to 220 g were 
placed in individual cages and fasted 4 days. 
Some animals received hormonal treatment 
for 10 days preceding fasting period. 17- 
ethyl-19-nortestosterone (E.N.T.) (Nilevar, 
Searle & Co.) was given 5 mg/os daily, 
crushed tablet mixed with food(5). Testos- 
terone enanthate (T.E.) (Delatestryl, Squibb 
& Sons) was injected intramuscularly, one 
100 mg dose 10 days before beginning of fast- 
ing. Cortisone acetate (Merck & Co.) was in- 
jected subcutaneously in 10 mg dose once 
daily, only during fasting period(1). The fol- 
lowing 6 groups of rats were used: 1. Pre- 
treated with E.N.T. before fasting; 2. Pre- 
treated with T.E. before fasting; 3. Fasted 
only; 4. Pretreated with E.N.T. and given 
cortisone during fasting; 5. Pretreated with 
T.E. and given cortisone during fasting; 6. 
Given cortisone during fasting. Isotope was 
administered 24 hours before killing of rats. 
Radiosulphur (S*° in H2SO,, Atomic Energy, 
Canada) was injected subcutaneously, one 
mc/kg body weight. The dose was dissolved 
in 5 ml distilled water together with 40 mg of 
sodium sulphate(6). Animals were killed 
with ether, the stomachs dissected, opened 
along great curvature and the mucosa exam- 
ined under dissecting microscope (X 10). 
Stomachs were then studied for S*° radioac- 
tive mucopolysaccharides following modifica- 
tion(3) of method described previously (8,9). 
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Livers were dissected for total cholesterol de- 
termination(10) and gastrocnemius muscle 
was removed for study of skeletal muscle 
electrolytes. Baird Flame Photometer was 
used for determination of sodium and potas- 
sium extracted from the tissue(11). Chlor- 
ides were determined by titration(12). 

Results. Body weight loss during 4 days 
fasting period averaged 28, 29, 27, 32, 28 and 
33% in 6 groups of rats respectively. 

Mortality rate was not affected by E.N.T. 
but markedly increased in group of rats pre- 
treated with T.E. Cortisone associated with 
fasting promoted surviving rate of animals 
whether or not pretreated with E.N.T. and 
T.E. (Fig. 1). Only rats which survived 
complete fasting period were examined for 
gastric lesions. 

In rats receiving any type of steroid treat- 
ment, ulcers were found only in glandular 
portion of stomach. Control fasting rats 
(Group 3) had ulcers mostly in forestomach, 
sometimes associated with ulcers of glandular 
part. Macroscopic appearance of these le- 
sions agreed with the description of Robert 
and Nezamis(1) Fig. 1 shows percent of 
animals which developed gastric ulcers and 
where these lesions were localized. Occur- 
rence of ulcers in glandular stomachs was in- 
creased in T.E. pretreated rats, fasted only, 


FASTING 


RT 


% OF SURVIVING RATS AFTER 4 DAYS FASTING 


FIG. 1. Percentage of fasting rats surviving 

(black columns) and of rats with ulcers of glandu- 

lar stomach (crossed area) and forestomach (open 

area). Rats of groups 1 and 4 treated with E.N.T. 

(17-ethyl-19-nortestosterone) and rats of groups 2 

and 5 treated with T.E. (testosterone enanthate) 
prior to fasting and cortisone. 


TABLE I. Total Radioactivity of Gastric Tissue 
in Fasting Rats (epm/g of Wet Tissue) and % of 
S® Taken up by Gastric Fraction Containing Sul- 


phated Mucopolysaecharides (S.M.). Mean and 
range. 
No. of 
Group Treatment* rats epm/gw.t. S.M., % 
3 None 13 414 73.4 
(179-552) (58.8-86.5) 
4 HE.N.T. &corti- 18 314 Goalie 
sone (197-509) (58.0-70.5) 
5 ‘T.E. & corti- 12 267 59.1 
sone (179-820) (47.9-60.1) 
6 Cortisone alone 23 229 44.5 


(103-320) (29.1-49.2) 


* Treatment with E.N.T. (17-ethyl-19-nortestos- 
terone) and T.K. (testosterone enanthate) preceded 
fasting and cortisone. 


but this steroid plays some protective action 
in cortisone treated fasted animals. E.N.T. 
does not influence occurrence of ulcers in 
glandular stomachs of fasting rats; it has 
however very marked protective action in 
animals treated with cortisone. Cortisone 
alone results in high incidence of ulcers in 
glandular stomachs. . 

Table I presents data on total radioactivity 
and percentage of S*° in fraction considered to 
contain gastric sulphated mucopolysaccha- 
rides (S.M.). This study was performed only 
in rats of Groups 3, 4, 5 and 6. Rats of Group 
3, fasted only, served as controls for fasting 
animals treated with cortisone alone (Group 
6) or pretreated with androgens prior to cor- 
tisone and fasting (Groups 4 and 5). Radio- 
activity of fraction S.M. is reduced in all 
fasting cortisone treated rats as compared 
with rats which were fasting only, or which 
received E.N.T. prior to cortisone and fast- 
ing. Pretreatment with T.E. was less effec- 
tive. 

Table I] summarizes data on electrolyte 
content of skeletal muscle and on liver choles- 
terol. 

Discussion. 
nortestosterone (E.N.T.) is considered a 
highly anabolic hormone with a low andro- 
genic effect(13). Its protective action against 
the anti-anabolic effect of cortisone on con- 
nective tissue seems to be well demonstrated 
(5,6,7). Testosterone enanthate (T.E.), on 
the other hand, is considered a highly andro- 
genic steroid(14). Prolonged duration of ac- 


Synthetic steroid 17-ethyl-19- 
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TABLE II. Electrolytes of Skeletal Muscle and Total Cholesterol of Liver in Fasting Rats. 


Mean and range. 


6 groups. 


Muscle 
Cl Na K Liver total cholesterol 
Treatment* No. of rats ©——(meq/100 g fat-free solids), (mg/100 g wet tissue) 
E.N.T. 12 10.3 12.0 40.3 316 
(10.8-11.9) (9.5-14.0) (36.1-42.8) (226-384) 
aR 8 10.5 12.2 39.1 253 
(10.0-11.1) (9.6-13.1) (35.4-40.5) (258-316) 
None 13 10.2 11.0 40.7 284 
(9.9-10.6) (10.0-12.1) (37.7—42.2) (222-395) 
E.N.T. and cortisone 18 11.0 alsa 43.4 307 
(8.5-12.3)  (8.8-12.8) (40.3-46.1) (218-450) 
T.E. and cortisone 12 9.8 MS 41.4 311 
(8.5-11.6)  (9.3-13.4) (38.5-44.2) (216-404) 
Cortisone 23 9.7 10.9 42.8 262 
(9.1-11.8)  (9.2-12.7) (37.0-46.4) (116-337) 


* Treatment with E.N.T. (17-ethyl-19- ercnver scot) and T.E, (testosterone enanthate) 


preceded fasting and cortisone. 


tion of an injection makes the use of T.E. 
especially practical. 

EAN Dcand «I.E. feareent predominantly 
anabolic and predominantly androgenic ster- 
oids respectively. They were tested for ul- 
cerogenic property in fasting rats treated or 
not treated with cortisone. Because of pos- 
sible effect of steroid hormones on gastric mu- 
cus production, the content of S*° sulphated 
mucosubstances in stomachs of some rats 
was also studied. As lipid and electrolyte 
metabolism is knowingly influenced by both 
fasting and steroid treatment, some supple- 
mentary investigations on this subject were 
also performed. 

The high mortality rate in this experiment, 
as the result of fasting alone or fasting com- 
bined with steroids, presents a serious com- 
plication, not mentioned by authors proposing 
steroid ulcerogenesis as assay procedure(1). 

It is apparent that cortisone added to fast- 
ing, increases survival of rats and that E.N.T. 
and T.E. have not such a protective action. 
Steroid treatment does not protect against loss 
of body weight due to fasting. It is further 
apparent that pretreatment of rats with 
E.N.T. gives very marked protection against 
ulcers in cortisone treated rats. This effect 
is comparable to that observed in our previ- 
ous work on E.N.T.(5,6,7,15). 

Administration of cortisone during fasting 
period interferes with uptake of S* by the 
fraction of gastric tissue, considered to con- 


tain sulphated mucopolysaccharides (S.M.). 
This agrees with previous work on effects of 
cortisone on metabolism of certain mucopoly- 
saccharides(16) and with our data on post- 
cortisone utilization of S*° by rats’ stomachs 
(3). This significant decrease of S*° uptake 
by S.M. fraction is offset in animals which 
received E.N.T. prior to cortisone treatment. 
It is apparent that the anabolic steroid E.N.T. 
has a somewhat opposite action on S?° uptake 
than cortisone(5,6,7). A possible parallelism 
between occurrence of ulcers and S** uptake 
by S.M. fraction of gastric tissue might be 
considered. This hypothesis, however, needs 
more precise and detailed study on larger 
number of animals. 

Neither electrolytes of skeletal muscle nor 
liver cholesterol were significantly affected by 
steroid treatment or fasting. This may be due 
to the short duration of experiment. 

Summary. The effect of 17-ethyl-19-nor- 
testosterone (E.N.T.) and testosterone enan- 
thate (T.E.) on development of gastric ul- 
cers in fasting cortisone treated rats was 
studied. Pretreatment of rats with E.N.T. 
gave a very marked protection against ulcers 
in cortisone treated rats. It was also noted 
that S®° uptake by sulphated mucopolysac- 
charides of gastric tissue was significantly re- 
duced in cortisone treated fasting rats as 
compared with rats fasting only, or those 
given E.N.T. prior to cortisone. Androgen 
T.E. had no marked protective action. No 
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direct parallelism was noted between surviv- 
ing rate and ulcer occurrence in steroid treated 
fasting rats. 


The author expresses gratitude to Searle & Co. 
(Chicago, Ill.), Merck & Co. (Canada) and Squibb 
& Sons (Canada) for donations of Nilevar, Corti- 
sone and Delatestryl for this study. 
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Influence of Hypothermia on Secretory Activity of 'Rabbits’ Appendix and 


on Closed Duodenal Loops.* 


(24863) 


PETER A. SALMON, WARD QO. GRIFFEN AND OWEN H. WANGENSTEEN 
University of Minnesota 


Experimental observations previously re- 
ported demonstrated that rupture of ob- 
structed appendix in rabbits, chimpanzees and 
man was caused by early development of high 
intraluminal pressures resulting from rapid 
rate of appendical secretion(1,2). In a large 
series of observations upon other species in 
which activity of appendix was examined, 
only in chimpanzee and man was there evi- 
dence of active secretion. Morton and Sulli- 
van(3) compared closed jejunal loops with 
similar ones in the ileum. The intra-enteric 
pressure of jejunal loops (52 cm of water) 
was 7 times that developed by ileal (8 cm) 
segments. They concluded that the jejunum 
secreted more rapidly than the ileum. No 
observations of duodenal secretory activity 
were made. Recent observations(4) from 
this laboratory showed that local gastric cool- 
ing in a variety of species, including man, 
Service Grant RG-4780 (C2) and the Donald J. Cow- 
ling Fund for Surgical Research. 


reduced gastric secretory activity and proteo- 
lytic digestion. This suggested that the influ- 
ence of hypothermia upon secretory activity 
of the obstructed appendix and of closed duo- 
denal loops should be assessed. 


Methods. Adult white rabbits weighing 
1.5 to 2.0 kg were anesthetized and opened by 
midline abdominal incision. Appendical closed 
loops were established by ligating base of ap- 
pendix with umbilical tape. Closed duodenal 
loops about 8 inches long were made by oc- 
cluding the lumen with ligatures at 2 sites 
to exclude biliary and pancreatic secretions. 
Integrity of the vascular arcades of these seg- 
ments was carefully preserved. Rate of ap- 
pendical secretion was investigated using the 
simple closed loop described above and in a 
modified preparation. In the latter, so that 
secretions could be collected with minimal 
change in intraluminal pressure, the appendix 
was cannulated with a plastic tube to which 
a condom was attached. Duodenal secretions 
were collected only from unmodified closed 
loops. In those rabbits that were used for in- 


HYPOTHERMIA AND INTESTINAL SECRETION 


TABLE I. Volume of Secretion from Appendix 
and Duodenal Closed Loops in 6 Hours. (6 rabbits 
used in each temperature range.) 


Systemic temp. Loeal temp. 
: °C °C 
38 27-30 21-24 38 15 
ml 
Appendia ai 
Without drainage 
Mean 10.5 3.8 16.0 6.6 
Range 9-12* 2-7 14-18* 3-11 
With drainage 
Mean 17.2 3.7 18.3 4.5 
Range 11-24.5 2-6 15-22 4-5 
Duodenum 
Without drainage 
Mean 36.5 3.5 44.5 4.3 
Range 35-38 3-4 32-51t 4-5 


* 3 perforations. 

hone 1 

traduodenal and intra-appendical pressure de- 
terminations, a #280 polyethylene catheter 
2.5 mm in diameter was inserted into the lu- 
men, the remainder of tube raised vertically 
to act as pressure manometer. In all animals 
undergoing systemic hypothermia as well as 
in normothermic controls, the obstructed seg- 
ment of bowel was returned to abdominal cav- 
ity and the incision closed. In animals in 
which appendixes or closed duodenal loops 
were to be cooled locally, the portion of bowel 
to be studied was kept outside the abdominal 
cavity. Controls were employed for this lat- 
ter group by exteriorizing the appendix or 
closed duodenal loop and warming it exter- 
nally to 38°C. General body hypothermia 
was achieved by briefly immersing animals in 
ice water. Local hypothermia or normother- 
mia of obstructed loops was provided by cir- 
culating cool or warm (38°C) solution of de- 
sired temperature through plastic bags in close 
approximation to exteriorized segment. The 
bags were arranged in such a way that they 
exerted only minimal pressure on obstructed 
loop. All studies, both secretory and mano- 
metric, were uniformly 6 hours long. 

The results of experiments with rabbit 
appendix are shown in Table I. These obser- 
vations indicate that both local and systemic 
hypothermia markedly reduced rate of secre- 
tion. Volumes secreted by obstructed appen- 
dixes, whether drained or closed loops, during 
systemic hypothermia were essentially the 
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same. Normothermic appendixes secreted 3 
to 5 times as much as cooled appendixes dur- 
ing similar time periods. A reduction in se- 
cretory volumes of equal magnitude was at- 
tained in drained appendixes cooled locally. 

Among 12 rabbits of control group there 
were 6 perforations attending obstruction of 
appendix, an incidence of 50%. Appendical 
pressure studies (Table II) parallel the find- 
ing of decreased volumetric secretion in hypo- 
thermic appendixes. Pressures in group un- 
dergoing systemic hypothermia, after 6 hours 
of obstruction, are uniformly lower than those 
in normothermic control group. Mean pres- 
sure in former is approximately one-fifth that 
recorded in latter group. Similar observa- 
tions were made in comparing secretory rates 
of appendixes where temperature was con- 
trolled locally. 

Perforation of the appendix occurred in 8 
of 12 normothermic rabbits of control groups 
for pressure experiments, an incidence of 
66%. Five of 8 occurred in appendixes locally 
warmed, (38°C) outside abdomen, while the 
remaining 3 were observed in animals at nor- 
mothermic systemic temperatures (38°C). 
Perforation was not observed in cooled ap- 
pendixes. 

Data in Table I demonstrate that volume 
of duodenal secretion is reduced markedly 
by systemic and local hypothermia. In fact, 
volumes secreted during either form of hypo- 
thermia are only about one-tenth as large as 
those secreted under normothermic (38°C) 
conditions. Spontaneous duodenal perfora- 
tion at sites away from ligatures and within 
limits of experimental period, occurred in 2 
TABLE IT. Pressure Developed in Appendix and 


Duodenal Closed Loops in 6 Hours. (6 rabbits used 
in each temperature range.) 


Systemic temp. Local temp. 
6) °C 


38 27-30 22-27 38 20 15 
em 
Appendix 
Mean 67.5 13.2 82.8 8.0 
Range 42-84* 7-21 72—98t 3-15 
Duodenum 
Mean 70.5 8.4 61.9 TW 
Range 53-87 5-13 . 42-75} 7-18 
* 3 perforations. 
+5 ) 
t if ” 
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of the 6 exteriorized duodenums locally 
warmed. There were no perforations in nor- 
mothermic obstructed duodenal loops that re- 
mained within the abdominal cavity, or in 
any of those kept hypothermic, whether in or 
out of the abdomen. The data in Table II 
show that both systemic and local hypother- 
mia virtually stopped the rise of pressure in 
duodenal closed loops. Perforation of the 
duodenum occurred in one animal undergoing 
local warming when the intraluminal pressure 
reached 75 cm of fluid. 

Discussion. Our earlier studies(5) showed 
that maintenance of an intraluminal pressure 
of 40 cm of water caused portions of a jejunal 
closed loop to become nonviable within 20 
hours. Nonviability and perforation of ob- 
structed appendix occur in a much shorter 
time because of rapidity of elevation and the 
magnitude of intraluminal pressures (up to 
136 cm of water). Pressures such as these 
cause perforation through agencies of venous 
stasis, ischemia and finally necrosis of areas 
of bowel wall. The duodenal closed loop also 
has a strong secretory capacity, being able 
to achieve high intraluminal pressures within 
a few hours. Some areas of duodenal wall in 
these segments, appeared somewhat dark and 
ischemic at end of 6 hours; one externalized, 
locally warmed and 2 intra abdominal normo- 
thermic duodenums perforated spontaneously. 
The low incidence of perforations in this 
group, when compared with the great fre- 
quency of perforation in the obstructed ap- 
pendix is attributable, undoubtedly, to lower 
intraluminal pressure ranges developed in 
closed duodenal loops. Blood pressure care- 
fully monitored during cooling, in a number 
of animals undergoing either appendical or 
closed duodenal loop obstruction, showed that 
cooling caused blood pressure falls of only 
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about 5 mm of Hg, when recorded at temper- 
atures between 28° to 31°C. Depression of 
blood pressure was therefore not responsible 
for the observed reduction in rate of secretion 
in locally cooled appendixes in otherwise nor- 
mothermic rabbits. Studies of blood flow in 
locally cooled appendix or duodenum have not 
been made. However, we observed that local 


gastric cooling to 15°C in the dog is attended” 


by mean reduction in gastric blood flow of 
66% (unpublished). Undoubtedly, a similar 
occurrence attends local cooling in other por- 
tions of bowel. Diminished blood flow and 
decreased cellular activity of actively secret- 
ing epithelial cells are probably the agencies 
essentially responsible for the observed de- 
crease in secretion and intraluminal pressure 
in closed segments of duodenum and in the ob- 
structed appendix. 

Conclusions. (1) In rabbits, hypothermia 
reduces rate of secretion in duodenal and ap- 
pendical closed loops. Depression of secre- 
tion is reflected in failure of these loops to at- 
tain high intraluminal pressures found in nor- 
mothermic control animals. (2) Local and 
systemic hypothermia prevented perforation 
of obstructed appendix or closed duodenal 
loop in the rabbit. 
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Connective Tissue: I. Age and Sex Influence on Protein Composition of 


Rat Tissues. 


(24864) 


Kunc-Y1nc Tanc Kao anp THomas H. McGavack 
Geriatrics Research Labs., Vet. Admin. Center, Martinsburg, W. Va., and Dept. of Medicine, 
George Washington University School of Medicine, Washington, D.C. 


The aging process as currently understood 
is intimately connected with formation of new 
collagen (1,2,3,4), and modification of existing 
elastic tissue(5,6,7,8,9). However, the studies 
have involved principally aorta and skin; lit- 
tle is known about above processes of other 
tissues. In previous work on connective tis- 
sue obtained by implantation of polyvinyl 
sponges (Ivalon)*, collagen content/g of 
sponge implanted, increased with age of tis- 
sue(10). Collagen formed rapidly during first 
2 or 3 weeks after implantation of sponge and 
then much more slowly. The present study 
was undertaken to determine in various tis- 
sues of rat, the relation of age and sex to con- 
tent of soluble protein, soluble collagen, in- 
soluble collagen and elastin. Such data would 
show whether tissues other than aorta and 
skin exhibit comparable changes with age. 

Methods. Male and female rats, Wistar 
strain, of 3-5 weeks, 8 months and 2 years of 
age were used. Samples (0.1-1.0 g) of. tail 


- tendon, aorta, skin, uterus, lung, muscle, 


heart, liver, kidney and spleen were homoge- 
nized in 10 ml saline in Virtis “23” homoge- 
nizer for 5 minutes. Each homogenate was 
centrifuged at 20,000 x g for % hr and super- 
natant (saline soluble protein) was decanted. 
The residue was suspended with occasional 
stirring, in 20 ml 0.1 N NaOH and remained 
at 25° over night. The resulting mixture was 
centrifuged at 30,000 x g for % hr and the 
supernatant removed. ‘The residue was ex- 
tracted a second time with 10 ml 0.1 N NaOH 
for 2 hr at 25° and centrifuged as above. The 
2 extracts, which contained the alkali-soluble 
protein (containing soluble collagen) were 
then combined. The above saline soluble and 
alkali-soluble protein fractions were together 
designated “soluble protein” (Fraction I). 
The residue was treated with 10 ml 0.1 N 
NaOH at 100° for 15 min, the mixture centri- 


* Ivalon Surgical Sponge, Clay Adams Corp., N. Y. 


fuged at 20,000 x g for % hr and supernatant 
removed. This extraction was repeated once 
for all tissues and twice for skin. The hot 
alkali extracts of all samples were combined 
and designated as “insoluble collagen” (Frac- 
tion II); the residue from these extractions 
contained “elastin” (Fraction III). All pro- 
tein extracts were concentrated to 5 ml and 
then hydrolyzed in 6 N HCl in sealed tubes at 
110° for 16 hr. The hydrolysates were fil- 
tered and made to convenient volume. Nitro- 
gen was determined by Conway microdiffu- 
sion method(11) and protein calculated as 
6.25 x nitrogen. Hydroxyproline in the sol- 
uble protein fraction was determined by the 
method of Neuman and Logan(12). Soluble 
collagen was calculated by multiplying 
amount of hydroxyproline by 7.46(13). To- 
tal collagen represented the sum of soluble 
and insoluble collagen values. By “total non- 
scleroprotein” is meant the difference between 
soluble protein and soluble collagen. Detailed 
data for male rats has been omitted from 
Tables except where significant sex differences 
were observed. All of these have been com- 
bined and recorded in Table VI. 

Results. Soluble protein (Tables I and 
VI). Values for soluble protein were constant 
and independent of age and sex in the follow- 
ing tissues: voluntary muscle, kidney, lung, 
aorta, liver and spleen. For'both sexes, a de- 
crease in soluble protein with age was ob- 
served in tendinous, cardiac and dermal struc- 
tures. Similar decreases were seen in uterine 
musculature. At 3-5 wks of age, the tail 
tendon of male contained more soluble protein 
than that of female rat. More soluble pro- 
tein was found in connective tissue of skin of 
8 mo female rats than in that of males (Table 
Vile 

Insoluble collagen (Table I1). Neither age 
nor sex appeared to have a consistent influ- 
ence upon insoluble collagen content of con- 
nective tissue of upper leg muscle, kidney, 
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AGE AND SEX ON PROTEIN COMPOSITION OF TISSUES 


TABLE I. Influence of Age on Content of Soluble Protein (g of Soluble Protein/100 g of Tis- 
sue) in Female Rat. 


Age 3-5 wk 8 mo 2yr 
Group A B Cc 
Tissue 

Upper leg muscle WAG Se lel (GS) WOH Se Wey (10) 19.4 + 2.3 (3) 
Lower ” e POLY se Bes 19%9 2A! WA ae Uo 
Abdominal ” 18.6 + 3.6 (3) y/o) Sealy 20.0 + 1.1 (2) 
Kidney 18.6 + 2.3 (4) 15.8 == 2:2 7 eb ae dG) 
Lung Los USAC) Sto ncteplo anes UGglse a 
Liver 17.7 + 3.4 (4) 2 Oviezts) LO Wes) ae. 45)” 
Spleen 19.1 + 2.0 (3) IGsyae 2) St Ot=t a Ome 
Tendon as y45) cam la 16.7 + 5.8 (4) 6.6 +18 (4) 
Heart Ose ial lice 148+ 8 (8) 
Aorta Tat a= NAO. (5) (aot all (G)) 7.2+ .8 (4) 
Skin HIG 45) = ISI (G5) 13.4 + 2.0 (4) Yulas 2) (2) 
Uterus Ne aysue dbs 9.3 + 2.5 (3) WEG) a= Syl 


Values represent means with stand. dey. immediately following. 
Figures in parentheses represent No. of animals and corresponding determinations unless 


otherwise specified. 


Figures showing significant differences within the 5% level of confidence are italicized. Data 
in male rats are comparable to those in female, except as shown in Table VI, where only signifi- 


eant differences are recorded. 


* Hach determination consists of pooled sample of 5-6 aortas. 


lung, liver or spleen. In both sexes, there 
was an increase with age in insoluble collagen 
of connective tissue of lower leg and ab- 
dominal muscles, tendon, aorta and skin. In 
the uterus a similar change occurred, which 
reached a plateau at 8 mo. In cardiac muscle 
insoluble collagen decreased with age. How- 
ever, this decrement reached its maximum at 
8 mo of age and remains unaltered at 2 yrs 
of age. The highest values for insoluble colla- 
gen at all ages were observed in the skin; at 
3-5 wk, the descending order of magnitude in 
other tissues was as follows: tendon, aorta, 
uterus, abdominal muscle, leg muscle, heart, 
lung, spleen, liver and kidney. 


More insoluble collagen was present in the 
abdominal muscle of females at 3-5 wks and 
at 8 mo than in males of corresponding ages. 
The insoluble collagen of tendon was higher 
at 3-5 wks in females than in males, but lower 
in females than in males at 8 mo. At 8 mo 
of age, more insoluble collagen was present in 
the male than in female aorta; at other ages 
studied no significant sex differences were ob- 
served. A significantly greater amount of 
insoluble collagen was present in skin of fe- 
male as compared with male at 3-5 wk of age, 
while the reverse was true at 8 mo of age 
(Table VI). 


Elastin (Table III). In relation to age 


TABLE II, Influence of Age on Content of Insoluble Collagen (g of Insoluble Collagen/100 g 
of Tissue) in Female Rat. 


Age 3-5 wk 


8 mo o) 


yr 
Group A B Cc 
Tissue 
Upper leg muscle 10+ .5 (4) yee oa) (3)) WO ae «4h (GS) 
Lower ” a TO) Se eh 14+ .3 (4) igshae of) 
Abdominal ” dE Opts eo) Ibias. ee gam gh 
Kidney 2+ .1 (4) yar all (75) sao all 
Lung Mas py 4s 258) Ose ik 
Liver pire (0) (3) ae all (i) dbase “ad 
Spleen 8+ .2 (4) yam, oll Mas pi 
Tendon 4.5 + .5 (3) 10.3 + 1.5 (4) WR fas at BO (9) 
Heart Mae Bo (ae oil sie 22) (5) 
Aorta 3.0 + .4 (4)* COae w (B) (ee t=) (4) 
Skin cs Se seh (SB) Wigs ae Hs) (24) 20.8 +28 ” 
Uterus {3 ae lk (2) Go S> (6) weoae i 


* See footnote, Table I. 
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TABLE III. Influence of Age on Content of Elastin (g of Elastin/100 g of Tissue) in Female 


Rat. 
Age 3-5 wk 8 mo 2yr 
Group A B 5 
Tissue 

Upper leg muscle 09 + .05 (4) 04 + .02 (6) 03 + .02 (3) 
Lower ” 07 + .04 (2) WOaS (By (bes a0sy 
Abdominal ” .06 + .04 (4) A05) a= 40 Sse (Ol ” 
Kidney VAG ae 2a) 04 + .01 (5) Aisa 0) 
Lung pours 20) ve -By4 ae lle (C1) cdiae (IB) % 
Liver fOSeetar) Zima 04+ .01 (6) ise il ” 
Spleen all SEs,ib ibs AO (0) allisjsts GiB! 
Tendon 13 + .03 (6) PAG = JL 30 + .09 (9) 
Heart ~ al Ges Shh 10 + .08 (4) JX ae AHil (S)) 
Aorta 6.14 + .86 (4)* 5.93 + .56 (6) 6.14 +1.15 (8) 
Skin 1.31 + .83 (5) 60 + .27 (10) fa es MMS (1) 
Uterus le OS) 35 + .85 (8) 20 + .16 (9) 


* See footnote, Table I. 


and sex, no change was observed in elastin 
content of upper leg, lower leg or abdominal 
musculature, or in kidney, liver, spleen and 
uterus. In tendinous tissue, elastin increased 
with age, with virtually the entire change tak- 
ing place during first 8 mo of life. A consis- 
tent decrease in elastin occurred with age in 
connective tissue of hearts of both sexes. In 
female rats, there were no demonstrable 
changes with age in amount of elastin present 
in lungs. However, in the male, there was a 
decrease from 3-5 wk to 8 mo and no 
further decrement up to 2 yrs of age. 
More elastin was observed in male than 
in female aorta at 8 mo of age. More elas- 
tin was present in skin of females than 
in that of males at 3-5 wk of age (Table VI). 

Non-scleroprotein (Table IV).  Calcula- 
tions for nonscleroprotein were made in 4 
tissues only: tendon, aorta, skin and uterus. 


No significant changes with age or sex were 
observed in values of non-scleroprotein for 
aorta nor with age for uterus. In tendon and 
skin, non-scleroprotein decreased with age in 
both sexes and more dramatically in the for- 
mer tissue. 

Total collagen (Table IV). In both sexes, 
there was an increase in total collagen of ten- 
don up to 8 mo of age. At all ages from fifth 
week onward, the amount of collagen present 
in male tendon was significantly greater than 
that in the female (Table VI). Total colla- 
gen content of aorta increased steadily with 
age in both female and male rats from third 
wk to eighth mo. No significant change oc- 
curred thereafter. There was an increase in 
total collagen with age in skin and uterus of 
all animals. 

Percentage of soluble collagen in total col- 
agen (Table V). In uterus and tail tendon, 


TABLE IV. Influence of Age on Total Non-seleroprotein and Total Collagen (g of Protein/100 
g of Tissue) in Female Rat. 


Age 3 wk 4 wk 5 wk 8 mo 2yr 

Group A A-1 A-2 B Cc 
Tissue 

Total non-scleroprotein tissue 
Tendon 108+1.4(4) 86+ .1(2) 102415(3) $0+21(4) 380+12(4) 
Aorta off ae lh a8) Seale) 5 ED) OBE eV ED) Gibas gE) 
Skin (ie (By poe st 4(4) 106-968) el a 18 ( 4) 87 a 8 (2) 
Uterus 12s OP) OM 2s Puy 9.6 + 5.4” 7.9+1.2(3) 10.4 + 3.0 (4) 
Total collagen 

Tendon TDs 4 (4) 432 (2) 1287 eG 03 eee (4) 19.2 + 1.2 (4) 
Aorta Has 4 YS OO ss OG) 5.5 GQ) es Sol te 19 
Skin Uepes lla GOs sei e (4) Ay: oe + (3) 206221 ~ “2462-2 2.9 © 
Uterus oreten pla(2)) se 2edtse 0 (4) Qe WIG) epee dO (G) 27 ss di © 


* See footnote, Table I. 
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TABLE V. Influence of Age on Percentage of 
Soluble Collagen in Total Collagen (g of Soluble 


Collagen/100 g of Total Collagen) in Female Rat. 
Age 3 wk 4wk 5 wk 8 mo 2yr 
Group A A-1 A-2 B 2 

Tissue 

Tendon 85.6 82.1 68.0 48.8 18.6 

Aorta 37.4* 29.2 36.6 20 9.0 

Skin 70.0 45.1 82.0 25.7 14.0 

Uterus 65.8 42.8 26.8 28.1 26.0 


* See footnote, Table I. 


aorta and skin of both sexes, the percentage 
of soluble collagen in total collagen decreased 
with age. At 3 wk of age, more soluble col- 
lagen was present in tail tendon of female 
than of the male. At 8 mo a significantly 
higher percentage of soluble collagen in total 
collagen was found in the skin of females 
than of males (Table VI). 

Comment. These data show that in both 
sexes tissues rich in scleroprotein (tendon and 
skin) undergo greater changes in protein com- 
position than tissues low in scleroprotein. In 
general, in these tissues there is a decrease in 
non-scleroprotein with aging and a concomi- 
tant increase in scleroprotein. In other tis- 
sues, with a few exceptions, levels of protein 
fractions were relatively constant from 3 wk 
to 2 yr of age. With increasing age the per- 
centage of soluble collagen in the scleroprotein 
fraction decreased and amount of insoluble 
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collagen increased with age. The third com- 
ponent of the scleroprotein fraction, elastin, 
remained relatively constant in all tissues ex- 
cept tendon in which there was an increase 
with age. The principal differences between 
sexes were that in skin, tendon and aorta, the 
insoluble collagen was higher in young fe- 
males while at 8 mo males had higher levels. 
After this time there were no differences be- 
tween the sexes. The data indicate that the 
aging process in terms of changes in sclero- 
protein occurs principally in tendon, skin, 
uterus and aorta. 

Summary. Tissues from tail tendon, aorta, 
skin, uterus, lung, muscle, heart, liver, kidney 
and spleen of male and female rats at 3-5 wk, 
8 mo and 2 yr of age were fractionated into 
soluble protein, insoluble collagen and elastin. 
Amount of soluble collagen in the soluble pro- 
tein fraction was calculated according to 
amount of hydroxyproline. Significant 
changes in these fractions with age occurred 
only in skin, tendon, uterus and aorta, with 
scleroprotein increased and non-scleroprotein 
decreased. 


The authors gratefully acknowledge suggestions 
and advice of Dr. C. H. Treadwell and technical 
assistance of James Leslie, Sally A. Hendricks and 
William Hitt. 


TABLE VI. Sex Differences* in Composition of Connective Tissue. 


Tissue value (g/100 g) 


Abdominal 
Age change muscle Tendon Aorta Skin 
Constituent observed é Q g Q 8 Q 3 fe) 

Soluble protein 3-5 wk 26.5 18.5 

8 mo 8.3 13.4 
Insoluble collagen 3-5 wk 6 1.5 2.2 4.5 5.3 7.3 

8 mo 5 iL 22.9 10.3 8.2 6.6 22.0 15.3 
Elastin 5 wk 5 1.3 

8 mo 7.4 5.9 
Total collagen 5 wk 17.6 12.7 

8 mo 27.0 20.3 

2yr 25.1 TOR 


* These are statistically significant differences within 5% level of confidence. 


1. Moon, H. D., Rinehart, J. B., Circulation, 1952, 
vo, 481. 

2. Moon, H. D., ibid., 1957, v16, 263. 

3. Sobel, H., Marmorston, J., Moore, F. J., Proc. 
Soc. Exp. Brot. AND MED., 1954, v87, 346. 

4. Sobel, H., Gabay, S., Wright, E. T., Lichenstein, 
I, Nelson, N. H., J. Gerontol., 1958, v13, 128. 


5. Unna, P. G., Histopathology of the Disease of 
Skin, translated by Norman Walker, Macmillan, 
N. Y., 1896, 984. 

6. Ma, C. K., Cowdry, E. V., J. Gerontol., 1950, v5, 
203. 

7. Strobel, H., Arch. f. Dermat. u. Syph., 1948, 
v186, 636. 


NATURE AND SOURCE OF APPENDICAL SECRETION 


8. Tattersall, R. N., Seville, R., Quart. J. Med., 
1950, v19, 151. 

9. Lansing, A. I, Ciba Foundation Colloquia on 
_ Aging, J. and A. Churchill, London, 1955, vl, 88. 

HOM Kao ye Kem. Ue Boucek, Rea Noble, Ne Iu., 
Proc. Soc. Exp. Bion. anp Mep., 1957, v95, 535. 

11. Conway, E. J., Microdiffusion analysis and 


Nature and Source of Appendical Secretion.* 


Low 


volumetric error, Van Nostrand Co., 1950, 3rd edit., 
124. 

12. Neuman, R. E., Logan, M. A., J. Biol. Chem., 
1950, v184, 299. 


13. , ibid., 1950, v186, 549. 


Received March 5, 1959. P.S.E.B.M., 1959, v101. 


(24865 ) 


JouHN F. Perry, JR., MERLE K. LOKEN AND O. H. WANGENSTEEN 
Dept. of Surgery, University of Minnesota, Minneapolis 


Demonstration that the vermiform appen- 
dix of man(1), chimpanzee(2), and rabbit 
(3) secretes fluid at pressures approaching 
systolic blood pressure has provided a basis 
for understanding the pathogenesis of obstruc- 
tive appendicitis in man. However, because 
of the simplicity of treatment of appendicitis 
_ by surgery, there has been little stimulus for 
study of the site or mechanism of this fluid 
production. The following experiments were 
undertaken to determine the cellular elements 
responsible for this process in the vermiform 
appendix. Normally the rabbit appendix se- 
cretes from 10 to 56 ml of a slightly cloudy, 
colorless liquid of specific gravity 1.001-1.006 
and pH 8.1-8.5 in 6 hour period. 

Method. Adult albino rabbits of both 
sexes were utilized. Measurement was made 
of volume of secretion and secretory pressure 
with appendix ligated at base and attached to 
a collecting balloon or manometer respec- 
tively. Several experiments were designed to 
modify or nullify participation by certain cel- 
lular elements: I. Suppression of lymphoid 
elements. a) Exposure doses of x-ray in 
range of 250-1000 R were delivered to a 
series of appendixes.t Volume and pressure 
measurements were made 2 to 21 days there- 
after. b) Cortisone was given parenterally 
‘in dosage of 5 mg/day for 7 and 14 days and 


* Supported by the United States Public Health 
Service Grant RC-4780 (C2) and the Donald J. Cow- 
ling Fund for Surgical Research. 

+ For irradiation a G. E. Maximan x-ray machine 
was operated at 140 KV, 15 MA with no added 
filter (H.V.L. — 3.7 mmAl). Using 27 cm F‘S.0. 
exposure dose rate was 232 roentgens/minute as 
measured with Victoreen r-meter. 


12.5 mg/day for 14 days. This steroid causes 
dissolution of lymphocytes and actual de- 
crease in weight of lymphoid elements(4). 
Il. Stimulation and exhaustion of mucous 
cells. a) Pilocarpine(5) in 2.5 mg dosage 
was administered hourly for 4 hours prior to 
fluid collection and in another group of ani- 
mals the drug in same dosage was given hourly 
during a 6-hour collection period. b) Mus- 
tard oil(6) in olive oil was instilled into ap- 
pendical lumen for 6 hours and fluid collec- 
tion and pressure measurements carried out 
thereafter. III. Destruction of surface epi- 
thelium. a) Silver nitrate in 2 and 5% con- 
centrations was instilled into the appendix 
for 5 minutes prior to pressure and volume 
measurement. IV. To determine if a cellu- 
lar process requiring oxygen utilization was 
actually involved, sodium cyanide M/600 in 
2 ml amounts was placed in appendical lu- 
men and pressure determined(7). Appropri- 
ate control volume and pressure measurements 
were made. Histologic examination was 
made of all appendixes studied. Specimens 
were fixed in formalin and stained with hema- 
toxylin and eosin or fixed in absolute alcohol 
and stained by Mayer’s mucicarmine technic. 

Results. Volumes of fluid secreted by the 
appendix under the experimental conditions 
are shown in Table I. Following X-irradia- 
tion, there was significant decrease in volume 
of fluid produced, both in early post-irradia- 
tion period and after 3 weeks. Sections of 
irradiated appendixes uniformly demonstrated 
severe suppression of lymphoid elements; 
those appendixes showing great reduction in 
secretory volume uniformly demonstrated epi- 
thelial damage as well. Irradiation was quite 
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TABLE I. Effect of Several Agents on Secretion by Rabbit Appendix. 


Time from Collection Vol of seetion (ml) 
No. of treatment to period 
animals Agent administered fluid collection (hr) Mean Range 
6 None (control) — 48 122 95-138 
ai X-irradiation (1000 r) 21 days 48 36 10- 52 
5 Idem 48 hr 48 45 28- 82 
10 X-irradiation (250-750 r) Cole 48 72 27-200 
9 None (control) 6 23 10- 56 
5 Cortisone,5 mg/day, 7 days 6 5 3- 15 
6 Idem - 6 13 8- 25 
7 Cortisone, 12.5 mg/day ” 6 11 6- 20 
5 Pilocarpine, 2.5 mg/30 min. for 6 2] 11- 29 
8 doses (before collection) 
6 Pilocarpine, 2.5 mg/30 min. for 6 13 10- 23 
12 doses (during collection) 
5 Mustard oil (4 drops/25 ml 6 24 13- 33 
olive oil) for 6 hr 
5 Mustard oil (15 drops/25 ml 6 18 5- 26 
olive oil) for 6 hr 
Af Mustard oil (25 drops/25 ml 6 26 15- 40 
olive oil) for 6 hr 
6 AgNOs, 2% for 5 min. 6 15 10- 30 
4 Idem 5% 6 dat 3- 20 


uniformly followed by increased number of 
mucous secreting goblet cells both of surface 
epithelium and crypt walls. 

Administration of cortisone was followed 
by reduction in thickness of lymphoid layers 
to approximately one-half to one-third of 
normal with dissolution of considerable num- 
bers of lymphocytes. Although there was de- 
creased volume of fluid following cortisone ad- 
ministration, the decrease is significant only 
when the drug was given in 5 mg amounts 
daily for one week. 

All animals given pilocarpine had extreme 
salivation and repeated defecation during pe- 
riod of administration. There is no signifi- 
cant difference in volume of fluid produced 
compared with control animals whether the 
drug was given before or during collection pe- 
riod. Mucicarmine stained sections of most 
appendixes showed no histologically demon- 
strable effect of pilocarpine on mucous cells. 
However, appendixes of 2 animals receiving 
the drug before, and of 3 rabbits receiving 
pilocarpine during fluid collection, showed 
definite increase in mucus production by gob- 
let cells of crypt walls. This greater secre- 
tory activity by mucous cells was not associ- 
ated with increased volume of fluid secretion 
in any of these animals. 


The mucous membrane of the appendix was 
exposed to irritant effects of mustard oil in 
3 concentrations. Erosion of surface epi- 
thelium and edema and hemorrhage of subepi- 
thelial tissues occurred in a few specimens so 
treated. Exhaustion of goblet cells of surface 
epithelium occurred in a few, but the ma- 
jority of appendixes showed no erosion, 
edema or hemorrhage, and normal to in- 
creased amounts of mucus being produced by 
goblet cells of surface and crypt walls. In 
none, including those specimens showing hy- 
persecretion by goblet cells, was there signifi- 
cant change in volume of secretion. Signifi- 
cant decrease in fluid production followed in- 
stillation of 5% AgNOs into the appendix, but 
not following use of this substance in 2% 
concentration. Organs so treated demon- 
strated fairly uniform damage to surface epi- 
thelium. In several specimens, coagulation 
necrosis of surface epithelium led to oblitera- 
tion of crypt orifices and, presumably, as a 
result of continuing secretion, crypts were 
converted into cystic structures with complete 
pressure obliteration of the papillae. 

Following application of NaSCN, no change 
from baseline intraluminal pressure occurred 
during 5 hours. In all other groups in which 
intraluminal pressure was determined, values 
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of 50 to 100 cm of water pressure were ob- 
served. These pressures are of the same mag- 
nitude as those obtained with control animals. 

Discussion. Although total destruction of 
lymphoid elements of the appendix was not 
observed in these studies, suppression of these 
elements per se did not appear to modify ap- 
pendical secretion significantly. Rather, de- 
crease in secretion appeared to be related 
more to damage of epithelial elements than 
of lymphoid follicles. 

The goblet cell apparently is not responsi- 
ble for the large volume of secretion occurring 
in rabbit appendix. Stimulation of goblet cells 
was produced in several experiments with pilo- 
carpine and mustard oil as evidenced in muci- 
carmine stained sections. In none of these 


animals was there an increased volume of se- ~ 


cretion. Irradiation led to increase in num- 
bers of goblet containing cells of surface epi- 
thelium and crypt walls, but to decreased 
rather than increased secretion. 

Obliteration of papillae with conversion of 
crypts into globular cyst-like spaces follow- 
ing closure of crypt orifices suggests that se- 
cretion occurs at least in part in these crypts. 
Since cells of crypt walls appear to be pre- 
dominately mucous cells, and since these do 
not appear to contribute significantly to the 
secretory process, epithelial cells overlying the 
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papillae must be responsible. The role of 
surface epithelium and subepithelial elements 
was not clarified in these experiments. How- 
ever, as it was possible to destroy surface epi- 
thelium by silver nitrate and have secretion 
continue, the epithelial elements of the papil- 
lae must contribute significantly to the proc- 
ess. 

Summary. 1. Large volumes of fluid pro- 
duced by vermiform appendix of the rabbit, 
result from a cellular process requiring oxy- 
gen utilization. 2. Suppression of lymphoid 
elements of the appendical wall produces no 
significant decrease in secretory volume or 
pressure. 3. Stimulation of mucous cells is not 
associated with augmented secretion. 4. De- 
struction of surface epithelium reduces but 
does not abolish secretion. It would appear 
that secretion stems primarily from epithelial 
elements overlying papillae in crypts. 
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ACTH in vitro on Release of Nonesterified Fatty Acids from Adipose 
Tissues of Adrenalectomized Rats. (24866) 


MicwHaet C. Scuotz, G. M. C. Masson aAnp I. H. PAGE 
Cleveland Clinic Fn. and Frank E. Bunts Educational Inst. 


The role of hormones in regulation of fat 
mobilization is not clear. During fasting 
plasma nonesterified fatty acids (NEFA) are 
released from fat depots and are transported 
to other tissues(1). It has been shown that 
factors affecting concentration of NEFA in 
plasma similarly affect their release from adi- 
pose tissue incubated in vitro(2,3). Addition 
of ACTH to incubating medium enhances re- 
lease of NEFA from adipose tissue(4). Injec- 
tion of this hormone into animals causes an 
increase in hepatic lipids which is prevented 


by adrenalectomy (5,6,7,8). Presumably, in- 
creased hepatic lipid is due to higher rates of 
mobilization of fat from adipose tissue(9). 
Thus, it is possible that the augmented level 
of liver lipids found in ACTH treated animals 
is due partially to increased release of NEFA 
from adipose tissue and transport of these 
fatty acids to the liver where they are esteri- 
fied(10). The purpose of this investigation 
was to determine whether in rats, previous 
adrenalectomy had an effect on release of 
NEFA by epididymal adipose tissue, on incu- 
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TABLE I. Effect of Adrenalectomy on NEFA Re- 
lease from Epididymal Rat Adipose Tissue. 


uM NEFA re- 


No. of leased/g adi- 
Animal treatment animals pose tissue/3 hr 
None 4 2.86 + .69* 
Adrenalectomy + water 6 55 + .20 
si + saline 6 .66 + .06 


* Mean + stand. error of mean, 


bation in vitro, and the response of this tissue 
to added ACTH. 

Material and methods. Sprague-Dawley, 
male, albino rats, weighing 150-250 g were 
adrenalectomized in one stage under ether 
anesthesia, given 1% sodium chloride or tap 
water and fed Purina Fox Chow. They were 
weighed daily. Each group contained 4 to 6 
animals. On fifth postoperative day, and 
after 24 hour fast, the animals were given so- 
dium pentobarbital and decapitated. Epidi- 
dymal fat bodies were removed, weighed on 
Roller Smith Torsion balance and incubated 
at 36°C for 3 hours with shaking in 4 ml of 
Krebs Ringer phosphate buffer containing 
5% bovine albumin(2). Each epididymal fat 
body served as control for the contralateral 
tissue to which ACTH was added. ACTH 
(ACTHAR, 10 units/ml, lot # 10808, Ar- 
mour Labs) was diluted with Krebs Ringer 
phosphate buffer and added at concentrations 
of 25 and 2.5 milliunits/ml of incubation me- 
dium. NEFA was measured at beginning and 
end of incubation period. Analysis was based 
on modification of extraction procedure de- 
scribed by Dole(11), using isooctane rather 
than heptane and washing the __ isooc- 
tane with dilute sulfuric acid as described by 
Gordon(1). Two ml of incubation medium 
were placed in conical glass stoppered centri- 
fuge tubes containing 8 ml of a mixture of 
isopropyl alcohol and 3 N_ sulfuric acid 
(40:1); 4 ml of water and 10 ml of isooctane 
were added. ‘Tubes were shaken for one 
minute, allowed to stand for approximately 
15 minutes, then centrifuged at 300 x g for 
5 minutes. The top layer was transferred to 
another glass stoppered centrifuge tube and 
9 ml of approximately 0.002 N sulfuric acid 
was added; tubes were shaken for 30 seconds, 
centrifuged for 5 minutes at 300 x g and the 
bottom layer removed. The washing pro- 


+ (Table I). 
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cedure was repeated once with 0.002 N sul- 
furic acid and twice with distilled water. 
After final wash, the tubes were centrifuged 
and 5 ml aliquots were removed from the iso- 
octane fraction. Titration was carried out 
in 12 ml conical centrifuge tubes as described 
by Gordon(1). The results are expressed as 
uM of NEFA released/g adipose tissue (wet 
weight) during 3 hour incubation. Experi- 
ments in which palmitic acid was added to 
plasma in concentration of 2.65 meq/liter in- 
dicated 96-100% recovery. Lactic acid when 
added to plasma to a concentration of 1 N did 
not appear in the washed isooctane extract. 
Results. Incubation of epididymal adipose 
tissue from normal rats causes a significant 
release of NEFA into the incubation medium 
The amount of NEFA released/ 
g of adipose tissue is markedly decreased by 
adrenalectomy; no significant difference was 
found between animals maintained on tap 
water or 1% sodium chloride (Table I). This 
finding was confirmed in 3 experiments. 
Addition of ACTH at concentrations of 25 
and 2.5 milliunits/ml of incubation medium 
caused a highly significant increase in NEFA 
released from adipose tissue of normal ani- 
mals. Three times as much NEFA was re- 


leased into the medium/g of tissue with 25 


milliunits as with 2.5 milliunits of ACTH 
(Table IT). Following adrenalectomy, addi- 
tion of 25 milliunits ACTH elicited about 
one-half the NEFA released by adipose tis- 
sue of normal animals whereas 2.5 milliunits 
had no significant effect. There was no dif- 
ference between adrenalectomized animals re- 
ceiving tap water or saline (Table II) in the 
release of NEFA at either dose of ACTH. 

TABLE IT. Effect of ACTH on Release of NEFA 


from Adipose Tissue of Normal and Adrenalecto- 
mized Animals, 


uM NEFA: 
Animal Milliunits No. of released/g 
treatment ACTH/ml1 animals tissue/3 hr* 

None PASS 6 13.14+ .81t 
Adrex + water a 5 5.49 + .93 
” + saline 2 5 6.08 +1.32 
None 2.) 6 3.75 + .76 
Adrex + water be 6 4AlL+ .25 
” + galine we 6 16+ .01 


} * Differences between NEFA release of treated 
tissues and contralateral controls. 
+t Mean + stand. error of mean, 
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Discussion. It has been suggested that cir- 
culating NEFA, in part, is the means by 
which fatty acids are transported from depots 
to active tissues in the fasting state(12). 
Dole’s results on NEFA composition(13) and 
Gordon’s studies on arteriovenous differences 
indicate that the source of circulating NEFA 
is adipose tissue(1). That starvation, carbo- 
hydrate feeding, epinephrine, and insulin in- 
fluence release of NEFA from adipose tissue 
in vitro(2) in a manner compatible with the 
effects observed im vivo(1,11) support the 
theory that plasma NEFA, during fasting, 
originates from adipose tissue. The view that 
fatty acids released on incubation of adipose 
tissue result from hydrolysis of tissue esteri- 
fied fatty acids is based on the finding that 
the amount released exceeds the initial con- 
centration of NEFA in the tissue. The ob- 
servation that mono- and diglycerides, hy- 
drolysis products of triglycerides, are in- 
creased in adipose tissues following injection 
of epinephrine (which increases NEFA mobi- 
lization) supports the idea that plasma NEFA 
originates in adipose tissue and are derived 
from the triglycerides(14). 

Our results indicate that hydrolysis of es- 
terified fatty acids present in adipose tissue, 
occurs to a smaller extent in adrenalectomized 
animals than in normal animals. During fast- 
ing less fat is found in livers of adrenalecto- 
mized animals than normal, indicating less 
mobilization(5). This is what would be ex- 
pected from the in vitro results. 

Adrenalectomy in our experiments dimin- 
ished markedly or abolished the increased re- 
lease of NEFA from adipose tissue resulting 
from varying amounts of ACTH. These re- 
sults are compatible with the finding that 
adrenalectomy prevented the increase in he- 
patic lipids in animals given ACTH(5,6,7,8). 

White and Engel(4) reported that zm vitro, 
minimum concentration of ACTH necessary 
to demonstrate a lipolytic effect in adipose tis- 
sue from normal animals was greater than 
that required to stimulate adrenal gland in 
vitro or in vivo. They suggested that these 
results would be expected if ACTH specifi- 
cally stimulated the adrenal gland. On the 
other hand, our results show a significant lipo- 
lytic effect demonstrable with 1/50th the con- 


centration reported by White and Engel. This 
concentration of ACTH is well within the 
range reported for in vitro effects of ACTH 
on adrenal tissue(15). Since ACTH causes 
release of NEFA from adipose tissue in ab- 
sence of adrenals, in which the hormone is ac- 
tive in vitro, it appears that ACTH has an in- 
dependent lipolytic effect on adipose tissue. 


Thus, it is possible that ACTH has a physi- 
ological role in regulation of fatty acid mo- 
bilization. 


Summary. 1. Adrenalectomy decreases re- 
lease of nonesterified fatty acids (NEFA) 
from rat epididymal adipose tissue. 2. Addi- 
tion of small amounts of ACTH in vitro to 
adipose tissue increases release of NEFA. 
This effect is markedly diminished in adrenal- 
ectomized animals. 3. It is suggested that 
ACTH may have a physiological role in fatty 
acid mobilization not mediated by adrenal 
cortical tissue. 
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Effects of Parietalectomy and Sustained Temperature on Thyroid of Lizard, 


Sceloporus occidentalis.* 


(24867) 


Ricuarp M. Eakin, RoBert C. STEBBINS AND DANIEL C. WILHOFT 
Dept. of Zoology and Museum of Vertebrate Zoology, University of California, Berkeley 


Stebbins and Eakin(1) observed that liz- 
ards (S. occidentalis and Uma _ inornata) 
maintained in laboratory runways exhibited 
heightened thyroid epithelium and reduction 
of colloid several months after removal of the 
parietal eye (parietalectomy). A lesser but 
similar effect has been found in a sample of 
their field specimens of S. occidentalis and is 
here reported. 

Methods. A total of 377 animals was 
treated surgically, half parietalectomized, half 
sham-operated, and returned to study area in 
Berkeley hills(1). Because the principal ob- 
jective of the investigation was an analysis of 
effects of parietalectomy on behavior, recap- 
tured animals were released immediately after 
inspection and recording of certain data; only 
toward the close of the study were specimens 
taken for microscopical examination. Accord- 
ingly, the sample of 22 parietalectomized 
and 12 sham-operated lizards was small. Fig. 
1 shows relative heights of thyroid epithelium 
in summer (June-July), spring (March), and 
winter (November) animals, parietalecto- 
mized (P) and sham-operated (Sp), expressed 
as percentage of follicular diameter. The 
mean value for each group (indicated by 
cross lines in the Dice-Leraas graphs) was 
based upon measurements with ocular micro- 
meter of average epithelial height and follicu- 
lar diameter of 20 randomly selected follicles 
in each specimen. The mean heights in p, of 
the follicular epithelium of the classes are: 
summer—P 10.6, Sp 10.4; spring P 9.4, Sp 
6.3; winter—P 4.8, Sp 4.5. 

Results. Fig. 1 shows no difference be- 
tween parietalectomized and sham-operated 
animals taken in the summer. Although dif- 
ferences between experimental and control 
animals collected in spring and winter were 


*The authors acknowledge with appreciation a 
grant-in-aid from Natl. Science Fn. and_ technical 
assistance of Patricia Tomlin, Jane Westfall and 
Emily E. Reid. 


not found by a t-test to be statistically signifi- 
cant at the 5% level, they are in the same 
direction as that observed in our laboratory 
experiments(1), namely, toward a higher fol- 
licular epithelium in the parietalectomized 
lizards. 

Considering the annual picture of both 
parietalectomized and sham-operated animals, 
it is clear that there is a significant seasonal 
variation in microanatomy of the thyroid 
gland. Lizards taken in November possessed 
numerous large follicles filled with dense col- 
loid. The epithelium was commonly no 
higher than the diameter of its flattened nu- 
clei. The thyroid gland of specimens collected 
in March exhibited a large number of small 
or medium-sized follicles, the epithelium of 
which was low columnar. The follicular epi- 
thelium in summer specimens was high, some- 
times 3 times the diameter of its nuclei, and 
the colloid was reduced and thin. This sea- 
sonal variation in thyroid gland of S. occiden- 
talis, recently shown also by Wilhoft(2), is 
basically similar to that described by Miller 
(3) in Xantusia vigilis. 

Could above changes be caused by annual 
cycle in solar heat? Eggert(4) found that 
hypertrophy of the thyroid occurred in La- 
certa agilis kept at temperature of 24-29°C. 
Wilhoft(2) has shown similarly that main- 
taining S. occidentalis at 35°C (mean of nor- 
mal activity range(5) for a few weeks leads 
to hypertrophy of the thyroid. The following 
experiment was performed to determine if 
this effect is mediated by the pituitary. 
Adult S. occidentalis freshly collected from 
Berkeley hills in summer were hypophysecto- 
mized under cold anesthesia (animal placed 
in cracked ice). By means of dental drill a 
small hole was made in the floor of the 
cranium immediately ventral to the hypophy- 
sis. The anterior lobe was removed by aspira- 
tion; in some instances posterior lobe also was 
extirpated. A sham-operation in controls 
consisted of drilling through the cranium and 
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exposing the hypophysis. Animals were op- 
erated in sets of 2 or 3, matched so far as pos- 
sible as to size and sex. In sets of 2, a hypo- 
physectomized (H) and a_ sham-operated 
(Sh-H) animal were placed in separate con- 
tainers in the 35°C chamber for 3 weeks. In 
sets of 3, in addition to H and Sh-H lizards, 
a second sham-operated animal (Sh-R) was 
maintained for 3 weeks in a room with vari- 
able temperature, never below 14° at night 
and above 35°C in the day (see Wilhoft(2) 
for details of method). The numbers of speci- 
mens were: 20 H, 20 Sh-H, and 10 ShH-R. 
The mean percents (epithelial height/fol- 
licular diameter) are shown in the 3 Dice- 
Leraas graphs on the right of Fig. 1. The 
group of sham-operated animals kept at room 
temperature (SA-R) was unfortunately re- 
duced in number by death of 4 animals, the 
result of over-heating when thermal control 
failed. It will be observed, however, that 
there is good agreement between thyroids of 
_ these controls and those of summer specimens 
in the field study (Fig. 1). Mean epithelial 
heights in » of the classes are: Sh-R 12.7; Sh- 
H 20; H 3.8. Histological differences be- 
_ tween the 3 groups were strikingly significant. 
- Without first checking the identity of a speci- 
men, one could almost invariably assign it to 
the proper class by inspecting a few repre- 
sentative thyroid follicles. The hypophysec- 
_ tomized lizards usually ceased eating (meal- 
worms) after a week or 2 and became inactive. 
Five died before the end of 3 weeks. Sham- 
operated animals at 35° (Sh-H), on the other 
hand, fed well and were very active. 
Discussion. ‘The studies on parietalectomy 
of S. occidentalis reported by Stebbins and 
Eakin(1) and in this paper suggest that re- 
moval of the third eye leads to varying de- 
grees of thyroid stimulation depending upon 
environment of animal. The effect is more 
apparent in animals maintained in laboratory 
runways, with lower thermal limit in the day- 
time often at 25°C, than in field specimens 
which had considerably lower temperatures 
available to them even on the warmest sum- 
mer day. Wilhoft(2) has shown that keeping 
this lizard at mean temperature of its normal 
activity range for a few weeks induces hyper- 
trophy of the thyroid, and in this paper we 
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FIG. 1. Height of thyroid epithelium in Sceloporus 
occidentalis, expressed as percentage of follicular 
diameter, in field study on parietalectomy (left) 
and laboratory study on hypophysectomy (right). 
In each Dice-Leraas graph cross line indicates 
mean percent and vertical line the range of percent 
in each sample (P = parietalectomized, Sp = sham 
parietalectomized, H = hypophysectomized, Sh-R 
= sham hypophysectomized at room temperature, 
Sh-H = sham hypophysectomized at higher temper- 
ature (35°C). Solid rectangles show 2 stand. errors 
of mean and open rectangles stand. dey. 


have presented evidence that this response is 
mediated by the anterior lobe of the pituitary 
body, presumably by its thyrotropic hormone. 
Recently, Fortune(6) found that high tem- 
perature (25°C) increased secretion of thyro- 
tropin in the teleost, Phoxinus laevis. Taking 
these several findings together it seems prob- 
able that the parietal eye, hypophysis, and 
thyroid are somehow linked together in the 
physiology and behavior of this lizard in rela- 
tion to solar radiation. The difference in de- 
gree of effect of parietalectomy upon the thy- 
roid of field and laboratory animals is prob- 
ably owing to the fact that in laboratory run- 
ways thermal conditions—especially a lower 
day-time thermal limit as high as 25°C—to 
which the animals were subjected over several 
months, intensified the differential (yet to be 
specifically identified) between experimental 
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and control animals. In the field, on the other 
hand, because climatic factors are more com- 
plex and variable and thermal range avail- 
able is so much greater, the differential is not 
sufficiently magnified to bring about a clear 
dissimilarity in histology of the thyroid of 
parietalectomized and sham-operated lizards. 
A possible explanation for the similarity in 
thyroids of experimental and control lizards 
collected in summer might be a masking of 
the differential by the endocrine interplay in- 
cident to reproduction. 

Summary. 1. Parietalectomized _ lizards 
(Sceloporus occidentalis), free living in the 
field, presented evidence of above-normal thy- 
roid activity in animals collected in winter 


CYTOMEGALIC INCLUSION DISEASE OF LACRIMAL GLANDS 


and spring, but not in summer. 2. An annual 
cycle of thyroid activity is exhibited by both 
parietalectomized and sham-operated lizards. 
3. Thyroid hypertrophy induced by 3 weeks 
of constant temperature (35°C) is mediated 
by the hypophysis. 
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Cytomegalic Inclusion Disease of Lacrimal Glands in Male Laboratory 


Rats.* 


(24868) 


H. W. Lyon, J. J. CHRISTIAN AND C. W. MILLER 
Naval Medical Research Institute, Bethesda, Md. 


This paper reports the presence of cyto- 
megalic inclusion disease in intraorbital and 
exorbital lacrimal glands of laboratory rats. 
This condition was observed in adult males of 
8 laboratory colonies but was not seen in any 
females nor in wild urban or rural Norway 
rats. 


Methods. For recent toxicological study 
(unpublished) several hundred adult male 
Sprague-Dawley rats were purchased from a 
Midwestern firm. Routine histological survey 
of tissues from head and neck showed inva- 
sion by cytomegalic inclusion disease. Cer- 
tain distinctive features described by Wyatt 
(1) as essential to complete a morphological 
diagnosis were satisfied, namely, eosinophilic 
intranuclear inclusion bodies, margination of 
nuclear chromatin, and specific cellular gigan- 
tism. Basophilic cytoplasmic inclusions were 
not observed. To procure normal lacrimal 
tissue, 6 adult male rats from each strain of 


* Opinions or assertions contained herein are those 
of the writers and are not to be construed as official 
or reflecting the views of Navy Dept. or naval serv- 
ice at large. 


Naval Medical Research Inst. stock, 7¢., 
Long-Evans, Sprague-Dawley, and NMRI- 
Dental caries-susceptible, were selected at 
random and lacrimal glands prepared for his- 
tological examination. All strains showed ex- 
tensive lacrimal involvement by inclusion dis- 
ease. All other organ systems were free of 
any cytomegalic inclusion disease. Sample 
male rats, 4 to each group, were procured 
from 4 other laboratory colonies in various 
geographic locations in U.S. Inclusion dis- 
ease was present in all lacrimal glands, al- 
though variations in inclusion morphology 
and severity of the lesion were observed. 
These findings will be reported later. A group 
of wild urban male and 6 rural Norway rats, 
trapped in the Baltimore area, were free of 
lacrimal involvement. However, urban rats 
possessed intranuclear inclusions within kid- 
ney tubular cells, similar to the condition pre- 
viously reported by Hindle(2). Salivary 
gland virus disease as described by Kuttner 
(3) and Smith(4) was present in acinar epi- 
thelium of submandibular glands and in duc- 
tular cells of sublingual glands of farm rats. 

Results. Sample male and female rats of 


CyTOMEGALIC INCLUSION DisEAaSE OF LACRIMAL GLANDS 


165 


FIG. 1. Cytomegalic inclusion disease in exorbital lacrimal gland. Note diagnostic intra- 
nuclear acidophilic inclusion body with typical halo and margination of nuclear chromatin. 


NMRI ‘‘D”? strain, 350-day male. 800 x. 


EWG 2s Cytomegalic inclusion disease involving intraorbital lacrimal gland of a 350-day-old 
male, NMRI-D earies susceptible strain showing bizarre changes in acinar morphology. X 190. 
FIG. 3, Atypical inclusion morphology in exorbital lacrimal gland of 250-day-old Sprague- 


Dawley male rat. X 250. 


FIG. 4. Enlarged eosinophilic inclusion body 23 y» in diameter enclosed by cytomegalic duct- 


ular cells. Note compression of adjacent nuclei. 


NMRI-D strain were examined at 50-day in- 
tervals starting at birth, to record progressive 
changes in lacrimal pathology during disease. 
A typical diagnostic eosinophilic intranuclear 
inclusion body is shown in Fig. 1. In Fig. 2, 
progressive characteristic cellular changes are 
recorded from intraorbital lacrimal gland of 
a 350-day-old male. Affected acinar cells 
exhibit marked pleomorphism and subsequent 


Oil immersion, 800 X. 


cytomegaly. Bizarre nuclear patterns, namely, 
asymmetrical multipolar mitotic figures, syn- 
cytial masses, and giant hyperchromatic club- 
shaped nuclei containing one to 4 eosinophilic 
inclusions, simulate neoplastic morphology. 
The interstitial tissue shows an apparent in- 
crease in stromal cells and lymphocytic infil- 
tration. Both intraorbital and exorbital lac- 
rimal glands exhibited the same apparent de- 
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gree of involvement. In 450- and 500-day-old 
males, much of the degenerated lacrimal aci- 
nar tissue had been replaced by sebaceous 
type acini similar in morphology to the Har- 
derian gland. The presence of intranuclear 
inclusions and subsequent bizarre cellular ac- 
tivity was not observed in any females regard- 
less of age. 

Many atypical inclusion bodies (Fig. 3) 
were observed in 200-day Sprague-Dawley 
males. The spherical eosinophilic mass shown 
in Fig. 4 appears to be a giant pleomorphic in- 
clusion body measuring 23 » diameter. 

Although the significance of the disease and 
method of treatment are not known, it would 
seem essential that frequency of occurrence 
in other laboratory strains from different geo- 
graphic locations be determined. 
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Summary. Cytomegalic inclusion disease of 
intraorbital and exorbital lacrimal glands was 
observed in adult male rats from 8 laboratory 
colonies but was not seen in any females nor 
in wild urban or rural Norway rats. Affected 
acinar cells showed characteristic eosinophilic 
intranuclear inclusion bodies and subsequent 
cytomegaly. Bizarre nuclear patterns simu- 
lated neoplastic morphology in late stages of 
the disease. 
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Lack of Correlation Between Adrenal Weight and Injury in Grouped 


Male Albino Mice.* 


(24869) 


JoHN J. CHRISTIAN 
Naval Medical Research Inst., Bethesda, Md. : 


Grouping previously segregated mice re- 
sults in adrenal hypertrophy which is least in 
dominant animals and greatest in most subor- 
dinate animals(1). Adrenal hypertrophy also 
occurs in freely growing populations of house 
mice, although fighting may be rare in these 
populations(2). Apparently neither fighting 
nor injury accounts for the adrenal hypertro- 
phy(3). Although this belief has not been 
tested critically, it resulted from 2 types of 
observation: (a) adrenal hypertrophy appar- 
ently occurs in populations without fighting as 
well as in those with fighting, and (b) domi- 
nant animals usually fight more than subordi- 
nate animals. However, evidence has not 
been presented eliminating the possibility that 
injury from fighting could account for adreno- 
cortical hypertrophy. This paper presents 
data showing lack of relationship between in- 
jury from fighting and adrenal weight in 
grouped male mice. 


* Opinions expressed in this article are those of 
the author and not necessarily those of the Navy. 


Methods. These data on adrenal weight 
and scarring were collected from experiments 
exploring relationship between adrenal weight 
and population density. All data are from 
grouped mice whose adrenals averaged 8 to 
10% heavier than those of their segregated 
controls. These comparisons between adrenal 
weights of grouped and segregated mice are 
discussed in detail elsewhere (3,4,5,6,unpubl.). 
The data for each group of means or for each 
Table represent a collection of homogeneous 
data with respect to treatment, experiment, 
and time. Albino male mice from Naval 
Medical Research Inst. colony were used. 
Procedure was similar for each experiment 
and no groups were subjected to experimental 
procedures other than grouping. Male mice 
were segregated at weaning and for 3 weeks 
thereafter then were grouped by different 
sizes for 1 week, then autopsied, and severity 
of scarring recorded for each mouse. In some 
experiments scarring was recorded as absent, 
few scars, or severely scarred, while in other 
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experiments the actual number of scars was 
either counted or designated as 20 or more 
scars. 

Results. When 40 populations were divided 
into those with no scarred mice and those 
with 1 or more mice scarred from fight- 
ing, the amount and severity of scarring pre- 
sumably from fighting did not affect adrenal 
weight (Table I). Absence of scarring is in- 
dicative of either very little or no fighting. 

Mice from 26 populations of 4, 5, or 6 
“fighting” males each were categorized scar- 
ring absent, slight, or severe (more than 6 
scars) and mean adrenal weight determined 
for each category of scarring for each popula- 
tion. Thus mean adrenal weight and stand- 
ard error for each scarring category was calcu- 
lated. Mean adrenal weights were respec- 
ively 9.50 .16;.5.56 =-°.18, 5.58.-& 18 for 
unscarred, slightly scarred, and _ severely 
scarred categories. Twenty-three of the 26 
populations had one or more unscarred mice. 
When there was only 1 unscarred mouse in a 
population (17 of the 23 populations) it was 
the dominant mouse in that population. There 
was an apparent tendency for adrenal weight 
to decrease with increased scarring, although 
the differences in mean adrenal weight were 
not significant (P>0.30). 

Table II summarizes data from experiment 
with 10 populations of 6 mice each. Number 
of scars on each mouse was counted after one 
week of grouping. There was a significant de- 
cline in absolute adrenal weight and body 
weight as scars/mouse increased. However, 
adrenal weight relative to body weight did 
not decline, and in fact remained constant or 
even increased as scars increased, although the 
TABLE I. Difference in Mean Adrenal Weights of 
Albino Mice from Groups in Which There Was 
Fighting with Injury (Cuts about the Rump, Tail, 
Hind Legs) and from Groups from Same Experi- 
ments in Which There Was No Fighting or Fight- 
ing without Injury. Group mean values used. The 


2 experiments were run at different times and are 
not comparable. 


Mean adrenal 


Fighting No.of wt-+stand. 
Exp. ingroups Group size groups error 
iL No injury 6 16 O29 2 
Injury 6 14 5.29 + .10 
Il No injury 4 3 6.00 + .31 
Injury 4 7 5.80 + .23 
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TABLE IT, Adrenal Weights vs Number of Sears 
for 60 Mice from 10 Groups of 6 Each. A barely 
significant difference (P <.05) exists in absolute 
adrenal weights between those with no scars and 
those with more than 20. There is also a significant 
decline in weight with increased scarring. Adrenal 
weights relative to body weights do not vary sig- 
nificantly with respect to scarring. Relative adrenal 
weight tends to increase with increased scarring. 


Means + stand. error 
Adrenal wt, 


Absolute mg/100 g 
Sears Mice adrenalwt Body wt body wt 
0 l/s Selly Payepoe it - Miley Gh 
I= 4 16 5.40+.18 244+ .85 22.64 1.10 
5- 8 Silas 23) Pass si) Bek) se 1 
11-17 7 490+ .26* 22.44.85, 22.1 + 1°65 
Sd, ill Ec PAD Pale aye) Pee Iai, 
Rae 05: 


differences in mean relative adrenal weights 
between categories of scarring were not sig- 
nificant. 

Discussion. Although there is usually a re- 
lationship between degree of scarring and so- 
cial rank in individual mice of a group, the 
relationship between adrenal weight and social 
rank(1), as indicated by amount of scarring, 
is not clearly apparent. However, there is a 
suggestion that adrenal weight relative to 
body weight increases with increasing scar- 
ring within groups. This tendency for rela- 
tive adrenal weight to reflect increased scar- 
ring must come from differences in social 
rank rather than degree of injury, as there 
was no difference in mean adrenal weights of 
groups with and without scarred mice (Table 
I). These results warrant the conclusion that 
scarring (or injury) from fighting is not an 
important factor in producing adrenal hyper- 
trophy observed in grouped mice. These re- 
sults are a further indication that sociopsycho- 
logical interactions between mice, and not 
physical factors, are responsible for adrenal 
hypertrophy following grouping. 

The reason for lack of correlation between 
adrenal hypertrophy and injury seems to be 
that injuries from fighting are quite superfi- 
cial. The wounds usually penetrate only the 
skin, heal rapidly, and therefore do not repre- 
sent serious injury. Nevertheless, an occa- 
sional mouse is attacked so severely by its 
cage mates that wounding may be extensive. 
Healing is usually slow in these cases and in- 
volves considerable scarring. However, gross 
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damage of deeper tissues has not been ob- 
served in these mice. It might be expected 
that these mice would show a more marked 
adrenal hypertrophy, but this cannot be evalu- 
ated with present data. 

Summary. Amount of scarring and adrenal 
weight were compared for 280 male albino 
mice from 50 populations of 4, 5, or 6 mice 
each. No relationship was found between 
adrenal weight and absence or presence of 
scarring or between adrenal weight and 
amount of scarring. There was a significant 
decline in absolute adrenal weight with in- 


ADRENALECTOMY ON NA CONCENTRATION IN RENAL MEDULLA 


creased scarring, but this decline disappeared 
when adrenal weights were corrected for body 
weight. It was concluded that adrenal hy- 
pertrophy after one week of grouping did not 
reflect amount of injury received. 
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Effects of Adrenalectomy and Aldosterone on Sodium Concentration in 


Renal Medulla of Hydropenic Rats.* 
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(Introduced by G. W. Thorn) 


Depts. of Medicine and Biochemistry, Peter Bent Brigham Hospital and Harvard Medical School, 
Boston, Mass. 


Relying upon the hairpin countercurrent 
theory proposed by Hargitay and Kuhn(1), 
Wirz suggested that concentrating ability of 
mammalian kidney depends on water-free ac- 
tive solute reabsorption taking place in the 
ascending limb of the loop of Henle(2). This 
theory has been supported by the demonstra- 
tion in hydropenic animals of increasing os- 
motic pressure in the medulla, from its corti- 
cal margin to the extremity of the papilla 
(3,4) and by recent work of Gottschalk and 
Mylle showing high osmolality of tubular 
fluid obtained from the tip of the loop of 
Henle(5). Removal of solutes from the fluid 
flowing up the ascending limb of the Henle 
loop is suggested by the hypotonicity of urine 
obtained from the first portion of the distal 
tubule(2,6,7). Quantitatively, the major ion 
involved in active transport process upon 
which the concentrating mechanism depends, 
is likely to be sodium(6). In man, aldoster- 


* Supported by grants from Jane Coffin Childs 
Memorial Fund for Medical Research and John J. 
Larkin Fund in Aid for Medical Research. 

t Fellow of Jane Coffin Childs Memorial Fund for 
Medical Research. 

¢ Markle Scholar in Medical Science. 


one causes, within 2 to 4 hours, a reabsorption 
of sodium by kidney greater than could be 
accounted for by exchange for potassium and 


hydrogen ions (Crabbé, J., unpublished obser- 


vations), thought to occur in the distal con- 
voluted tubule(8). This suggested that al- 
dosterone might stimulate sodium transport 
system in the loop of Henle. Assuming that 
sodium is the solute actively reabsorbed at 
that site and relying upon the observation 
that its proportional contribution to total so- 
lute content of the papilla is constant(4), it 
should therefore be possible to examine this 
hypothesis by measuring concentration of so- 
dium in the papilla of concentrating kidney. 
Methods. ‘Twenty-four Holtzman female 
rats, 4 months old, were deprived of water 40 
hours, and fasted 28 hours, before sacrifice. 
Two groups of 6 rats (groups B and D) had 
been adrenalectomized under ether anesthesia 
80 hours before start of experiment, 7.e., 120 
hours before sacrifice, and had been main- 
tained on food and 1% sodium chloride solu- 
tion ad lib. during the interval. Twelve intact 
rats were placed on same regimen (Groups A 
and C). The animals were transferred to 
metabolic cages 28 hours before sacrifice. 
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TABLE I. Sodium, Potassium and Water Content of Renal Tissue/100 g Dry Weight in Rats. 


Papilla Cortex 
Na K H,0, Na K HO, 
(FF ml ——meq——, ml 
Intact Mean 98.7 34.7 520 25.7 32.1 ; 247 
(Group A) S.D. 10.2 3.3 64 2.5 1.4 28 
Adrenalectomized Mean 102.3 41.0 693 26.1 36.3 306 
(Group B) S.D. 22.4 7.5 150 4.4 Sel 35 
Intact + aldosterone Mean 95.8 32.5 481 23.8 32.0 243 
(Group C) 8.D. 11.6 3.8 39 lee thet 12 
Adrenalectomized + aldosterone Mean 104.1 41.0 705 27.8 36.9 307 
(Group D) S.D. 29.7 15.2 181 6.3 5.6 62 
TABLE IT. Concentrations of Sodium and Potassium in Tissue Water of Rats. 
Papilla Cortex 
Na K Na K 
— meq/1 =) 
Intact Mean 193.7 66.7 106.0 130.1 
(Group A) 8.D. 38.5 10.7 
Adrenalectomized Mean 149.6 59.1 84.3 118.5 
(Group B) S.D. 27.8 17.3 
Intact + aldosterone Mean 200.2 67.4 98.1 131.9 
(Group C) S.D. 29.4 6.0 
Adrenalectomized + aldosterone Mean 147.3 58.1 90.6 120.5 
(Group D) 8.D. 11.0 9.5 


Each rat of Groups C and D was given sub- 


cutaneous injections of 20 pg of d-l aldoster- 


one monoacetateS in 0.02 ml of ethanol di- 
luted to 0.1 ml with isotonic saline, 28 and 


16 hours before death, and twice that dose 4 


hours before sacrifice. Those of Groups A 
and B received only ethanol diluted in saline. 


All animals were exsanguinated from ab- 


dominal aorta under intraperitoneal Nembu- 
tal anesthesia. Kidneys were quickly excised 
and dissected with scissors; the inner part of 
medulla, consisting largely of papilla, could 
readily be identified and isolated due to its 
white appearance. Both papillae of each rat 
were weighed in stoppered tared tubes, dried 
24 hours at 105°C, reweighed, ground, ex- 
tracted with 0.75 N nitric acid for 48 hours at 
room temperature, and the tubes centrifuged 
before removal of supernatant for sodium and 
potassium measurement by internal standard 
flame photometry. Pairs of slices of renal 
cortex were handled similarly. 

Results. Results of tissue analyses, ex- 
pressed as meq of sodium and potassium and 

§ Kindly supplied by Dr. R. Gaunt, Ciba Pharma- 
ceutical Products, Summit, N. J. 


as ml of water/100 g of dry tissue, are sum- 
marized in Table I. Neither adrenalectomy 
nor aldosterone had any significant effect on 
sodium content/100 g of dry solids of either 
renal papilla or cortex. Adrenalectomy re- 
sulted in increase in potassium content of both 
papilla and cortex, of 18% and 13% respec- 
tively. This was not affected by administra- 
tion of aldosterone. The most striking change 
following adrenalectomy was in degree of hy- 
dration of renal tissue. The water content of 
the papilla increased 33%, while the cortex 
increased 24%. Once again aldosterone was 
without influence on these values. 


In contrast to uniformity of sodium concen- 
tration/unit dry tissue weight, the concentra- 
tion of sodium in tissue water (Table II) 
showed considerable change in both parts of 
the kidney, as a result of changes in tissue 
water content. Adrenalectomy caused a fall 
of 23% in papillary sodium concentration (p 
= 0.05) and of 20% in sodium concentration 
of the cortex (p< 0.02). Aldosterone again 
was without effect. Potassium concentration 
in the papilla and cortex tissue water was 
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likewise lowered by adrenalectomy whether 
aldosterone was given or not. 

Discussion. The operation of the counter- 
current multiplier concentrating mechanism 
depends upon simultaneous presence of 3 fac- 
tors: 1) antidiuretic hormone, to render renal 
tubule permeable to water, 2) active, water- 
free reabsorption of sodium in the ascending 
limb of Henle’s loop, and 3) adequate flow of 
blood in capillary loops of medulla. An at- 
tempt was made to influence the sodium trans- 
port mechanism, while maintaining amount of 
antidiuretic hormone maximal by prolonged 
dehydration and assuming that blood flow in 
medullary capillaries remained comparable in 
all animals. Under these conditions any 
change in concentration of sodium in renal 
papilla of animals could be ascribed to a 
change in rate of active sodium transport. 
The papillae of adrenalectomized rats con- 
tained lower concentrations of sodium in tis- 
sue water than those from normal animals. 
This confirms the results of Guinnebault and 
Morel(9) and supports the view that adrenal 
secretions are required for adequate function 
of countercurrent system. 

Change in sodium concentration in papilla 
following adrenalectomy was entirely the re- 
sult of changes in water content. Dry tissue 
solids represent a far better base of reference 
for such analyses, since it can be safely as- 
sumed that they remain constant. In conse- 
quence, one can determine whether changes in 
sodium concentration in wet tissue are due to 
changes in hydration or in sodium accumula- 
tion. 

In light of countercurrent multiplying the- 
ory, in presence of antidiuretic hormone even 
a small change in rate of sodium transport is 
bound to result in much larger variations in 
tissue hydration. This dominance of water 
change over sodium content has also been ob- 
served when antidiuretic secretion alone is 
changed(10). 

Changes in water content of renal cortex 
which followed adrenalectomy were similar 
but less pronounced than those seen in the 
papillae. The significance of this is not clear. 

Reasons why administration of aldosterone 
in relatively large amounts to adrenalecto- 
mized animals, failed to return the composi- 
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tion of renal papilla to normal, may be mani- 
fold. Duration of aldosterone treatment was 
probably sufficient since this hormone pro- 
duces sodium retention within 2 to 4 hours, 
and changes observed in electrolyte content of 
serum and muscle of these rats (Borle, A. B.), 
et al., unpublished observations). Perhaps 
aldosterone exerts its sodium-retaining effect 
elsewhere in the renal tubule. A second pos- 
sibility is that other adrenal steroids may be 
required for aldosterone to increase sodium 
concentration in the medulla. This latter hy- 
pothesis is supported by clinical observation 
that glucocorticoids are required to enable a 
patient with Addison’s disease to handle a 
water load in normal fashion(11,12). 

The failure of aldosterone to produce note- 


worthy changes in renal tissue composition of | : 


normal rats is not so surprising. The condi- 


tions of these experiments were such that a © 


maximal retention of sodium due to endoge- 
nous secretion of hormone might be expected 
(13,14) and thus addition of further exoge- 
nous hormone would have little effect. 

Summary. 1. Water, sodium, and potas- 
sium contents of renal cortex and papilla 
have been measured in normal and adrenalec- 
tomized hydropenic rats with and without ad- 
ministration of exogenous aldosterone. 2. 
Sodium content of renal papilla and cortex 
expressed in terms of dry tissue solid were 
little changed by adrenalectomy of aldos- 
terone. However, water content was increased 
by adrenalectomy, the increase being 33% in 
papilla and 24% in the cortex. 
had no significant effect on this phenomenon. 
3. It is suggested that the adrenal secretion 
exerts an influence on active transport of so- 
dium across the ascending limb of loop of 
Henle. 4. Under our conditions, aldosterone 
is not sufficient to restore renal tissue concen- 
tration of sodium to normal in adrenalecto- 
mized animals. 
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Interaction of Sodium Oleate with 
(24871) 


SHELDON E. GREISMAN 
Depts. of Medicine and Microbiology, University of Maryland, School of Medicine, Baltimore 


Previous studies(1) on the interaction of 
sodium oleate with washed human erythro- 
cytes suspended in buffered isotonic saline in- 
dicate that erythrocyte-oleate binding pre- 
cedes hemolysis; once lytic quantities are 
bound, repeated iced saline washings fail to 


_ dissociate oleate or check hemolysis, and fol- 


lowing lysis, hemolytic substances are re- 
leased. The present studies consider the inter- 
action of sodium oleate with washed human 


_ erythrocytes suspended in homologous plasma. 


This investigation is a continuation of studies 
concerned with intermediate pathways for in 
vivo hemolysis reported during conditions as- 


- sociated with rapid increases in serum unes- 


terified fatty acid(2-5). 
Methods and materials. Sodium oleate 
(Baker) was employed as the fatty acid; all 


solutions were prepared in sodium phosphate 


buffered saline, ionic strength 0.15. The pH 


of buffered oleate solutions, measured with 
glass electrode, was 7.10 at 37°C and 7.20 at 


25°C. All oleate solutions remained at room 
temperature 24 hours prior to use since hemo- 
lytic potency declined upon standing, rapidly 
at first, then more slowly. Mechanical fra- 
gility of human erythrocytes suspended in 
fresh heparinized plasma or in buffered saline 


was determined at 25°C with pipette shaker 
generating 2 inch horizontal strokes at 220/ 


minute; all suspensions were tested in 1 x 12 


cm test tubes. On completion of shaking, the 


tubes were spun at 2500 rpm, 0°C, 15 minutes 
and supernatant hemolysis determined by a 
Klett-Summerson photoelectric colorimeter 
(550 mu. filter). 

Results. Binding of oleate by plasma. 
Ability of mammalian plasma and plasma pro- 
teins to bind fatty acid and neutralize hemo- 
lytic activity has been documented extensively 
(6-9). The present data are consistent with 
these findings. The assumption is made that 
human plasma inhibition of oleate hemolysis 
is dependent on plasma oleate binding. Table 
I indicates capacity of bovine serum albumin 
(Armour, Fraction V) to render exogenous 
oleate hemolytically inert; 1 mole of bovine 
serum albumin binds the hemolytic equivalent 
of 5 to 6 moles exogenous sodium oleate at 
pH 7.1, 37°C. These results. do not reflect 
total oleate binding capacity of bovine serum 
albumin since initial oleate albumin levels 
were not determined. Lysis inhibition by bo- 


TABLE I. Capacity of Bovine Serum Albumin to 
Bind Exogenous Sodium Oleate. 


Exogenous sodium oleate Bovine serum albumin* 
(X 107 moles) (X 107 moles) 


Sie So 
ArWwa 


Mean ] Pal 


* Minimum quantity required to prevent oleate 
lysis of washed human erythrocytes at 37°C, pH 
7.1. Each value is mean of 3 determinations. 


Liz 


TABLE II. Inhibition of Oleate Hemolysis by Hu- 
man Plasma. 


Final oleate cone. 


COMO) 
2.5 ml sodium oleate pre- 4 1 
treated with 10 mlof: 37°C 25°C 37°C 25°C 

Isotonic buffered saline IME lass 2L0R OO) 
Homologous human 60 60 60 60 

plasma 
Idem, albumin 4.0 24 60 60 

” globulin 18 3.2 10 30 


* Time (min.) for 100% hemolysis after addi- 
tion of 0.5 ml aliquots of buffered saline containing 
5 > 10° washed human erythrocytes to 2.6 ml of 
oleate preparations. Hach value is mean of 3 deter- 
minations. 


vine serum albumin was not increased by prior 
incubation with oleate, confirming reported 
rapid fatty acid binding by serum albumin 
(10). Oleate hemolysis inhibition was also 
consistently obtained with normal human 
plasma and the corresponding plasma albumin 
and globulin fractions prepared by ammonium 
sulfate fractionation as described previously 
(11); typical findings are given in Table II. 
It is stressed that to inhibit hemolysis, plasma 
or plasma proteins must be added to oleate 
prior to insertion of washed erythrocytes; 
when added after erythrocyte-oleate contact, 
plasma accelerates hemolysis(11). 

Firmness of human plasma-oleate binding 
was tested by studying the effect of mechani- 
cal agitation on washed human erythrocytes 


TABLE III. Effect of Oleate on Mechanical Fra- 
gility of Human Erythrocytes in Fasting Homolo- 
gous Plasma in 4 Subjects. 


Fasting homologous 
plasma + sodium 


Fasting homologous oleate (8 X 10-° moles 


plasma oleate/1 ml plasma) * 
Shaking time (min.) 
0 180 0 180 
02t 02 02 32 
04 05 .05 45 
03 04 04 81 
02 04 04 96 
Mean .03 04 04 63 


* This concentration of sodium oleate in buf- 
fered isotonic saline produces 100% hemolysis at 
25°C in 2 min. without mechanical agitation. 

+ % hemolysis of 0.5 ml washed packed erythro- 
cytes suspended in 2 ml plasma. Hach value is 
mean of 3 determinations at 25°C. Hemolysis de- 
terminations on non-shaken erythrocyte suspen- 
‘sions were performed after 180 min. 
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suspended in fasting homologous plasma and 
in fasting homologous plasma pretreated with 
8 x 10-6 moles sodium oleate/ml. The results 
(Table III) suggest that human plasma. ole- 
ate binding in vitro is not dissociated appre- 
ciably by mechanical agitation. Thus 3 hours 
of vigorous shaking of human erythrocytes 
suspended in fasting homologous plasma in- 
creased mean lysis from 0.03 (control) to 
0.04%; despite pretreatment of plasma with 
sufficient oleate to lyse 100% of unshaken 
erythrocytes in isotonic saline within 2 min- 
utes (at comparable pH and temperature), 
hemolysis increased from 0.04 (control) to 
but 0.63%. Sufficient exogenous oleate was 
therefore dissociated by shaking to account 
for only 0.58% hemolysis. The diminutive 


TABLE IV. Effect of Oleate on Mechanical Fra- 
gility of Human Erythrocytes in Buffered Isotonie 
Saline in 4 Subjects, 


Oleate pretreated 


Control erythrocytes erythrocytes* 


Shaking time (min.) 


0 60 0 60 

03 t LD) 5h 74 

03 .20 15 1.13 

04 10 .10 46 

02 15 14 63 

Mean .03 16 15 74 


* 0.5 ml packed washed erythrocytes suspended 
in 2.5 ml sodium oleate, 0.5 X 10+ M, pH 7.2, 25°C 
and then immediately spun at 2500 rpm, 0°C for 
3 min. followed by 5 buffered saline washings at 
0°C, pH 7.2. Control erythrocytes treated identi- 
cally except buffered saline substituted for oleate. 

+t % hemolysis of 0.5 ml packed erythrocytes sus- 
pended in 2 ml isotonic buffered saline (pH 7.2). 
Each value is mean of 3 determinations at 25°C. 
Hemolysis determinations on non-shaken erythro- 
cyte suspensions were performed after 60 min. 


quantity of oleate dissociated was further ap- 
preciated upon finding that oleate increases 
not only static but also mechanical fragility 
of human erythrocytes (Table IV). It is 
probable therefore that even less exogenous 
oleate was dissociated by mechanical agitation 
than would be required for 0.58% hemolysis 
in a static system. 

Competitive oleate binding by human 
erythrocytes and homologous plasma. The 
preceding experiments concern hemolysis in- 
hibition when oleate is pretreated with hu- 
man plasma. Hemolytic activity of oleate 


- suggest 


ing exogenous oleate. 


' homologous erythrocytes. 
undisturbed at 37°C for 2 hours. 
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TABLE V. Competitive Oleate Binding by Human 
Erythrocytes and Homologous Plasma. 


Hemolytic system 
(Plasma + sodium (Plasma + erythro- 


Lytic oleate) + eytes) + 
system erythrocytes ‘sodium oleate 
1 4.5% 15 
2 7.5 40 
3 7.5 .60 


* Minimum sodium oleate (x 10 moles) re- 


quired for detectable hemolysis at 37°C, pH 7.4. 


Hach value is mean of 3 determinations. 


upon simultaneous contact with plasma and 
erythrocytes was determined. Sodium oleate 
was added in increasing quantities to a series 


of tubes containing 0.6 ml normal fasting hu- 
_ man heparinized plasma at 37°C. Toa paral- 


lel series of tubes containing 0.6 ml aliquots 


of the same plasma, 0.4 ml packed washed ho- 


mologous erythrocytes were added and all 


_ tubes mixed by inversion. Within subsequent 


3 minutes, sodium oleate was added to tubes 
containing erythrocytes and erythrocytes were 
added to tubes containing oleate. All tubes 
were inverted 5 times immediately after each 
addition. Composition of the 2 series of tubes 


at completion of mixing was identical, the 


sole difference being that varying quantities of 


oleate were permitted to react with human 


plasma at 37°C in presence and absence of 
All tubes were left 
The mini- 
mal quantities of sodium oleate producing vis- 
ible hemolysis were then recorded. Typical 
results are given in Table V. The results 
significant competition between 
plasma and homologous erythrocytes for bind- 
By this mechanism, 


_ in vitro oleate hemolysis protection by human 
_ plasma can be reduced 30-fold. 


Discussion. Addition of bovine serum al- 


-bumin or of human plasma, plasma albumin 
or globulin to oleate solutions prior to inser- 


tion of washed human erythrocytes inhibits 
subsequent hemolysis. This fatty acid he- 
molysis inhibitory effect has long been recog- 
nized(6-9). If the assumption is correct that 


plasma inhibition of oleate lysis is dependent 


on oleate binding, then once oleate is bound 
in vitro by human plasma, the binding is firm. 
This conclusion is based upon the observation 
that 3 hours of vigorous mechanical agitation 


L/S 


of human plasma containing sufficient exoge- 
nous oleate to lyse 100% of unshaken erythro- 
cytes within 2 minutes in isotonic saline at pH 
7.4 resulted in but 0.63% hemolysis; 0.58% 
hemolysis was attributable to exogenous ole- 
ate. Precise quantitation of oleate dissociated 
during mechanical agitation was not possible 
from hemolysis measurements since oleate in- 
creased erythrocyte mechanical fragility; the 
actual quantity of oleate dissociated during 
mechanical agitation would therefore not be 
comparable to that required for similar he- 
molysis in static systems. It could be argued 
that large quantities of oleate were dissociated 
from human plasma and interacted with eryth- 
rocytes during mechanical agitation but 
plasma inhibited lytic consequences ordinarily 
expected in saline media. Recent observations 
indicating that human plasma does not in- 
hibit but intensifies hemolysis following ole- 
ate-erythrocyte interaction(11) precludes this 
possibility. 

In preceding experiments, oleate was added 
to human plasma followed by insertion of 
washed erythrocytes. Obviously, erythrocytes 
were exposed solely to oleate the plasma was 
incapable of binding. Such systems generally 
have been the type studied previously, from 
which marked fatty acid hemolysis inhibitory 
action of mammalian plasma has been in- 
ferred. However, when erythrocytes are sus- 
pended in homologous plasma prior to oleate 
addition, the hemolysis protective potential of 
plasma wanes. If this finding is correlated 
with the preceding data, it appears that when- 
ever exogenous oleate enters whole human 
blood in vitro, the red cells and plasma com- 
pete for binding oleate; that fraction of exo- 
genous oleate bound by plasma is rendered 
hemolytically inert whereas that fraction 
bound by the erythrocyte constitutes the he- 
molytically active moiety. The oleate he- 
molysis protective potential of normal human 
fasting plasma can be reduced 30-fold by such 
a mechanism. 

Summary and conclusions. Normal human 
plasma binds exogenous sodium oleate firmly 
in vitro as indicated by inhibition of oleate 
hemolysis despite vigorous mechanical agita- 
tion. The oleate hemolysis inhibition can be 
reduced 30-fold by adding oleate directly to 
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whole blood, rather than to plasma subse- 
quently reconstituted as whole blood. When- 
ever oleate enters whole human blood in vitro, 
red cells and plasma compete for binding ole- 
ate; that fraction of oleate bound by plasma 
is rendered hemolytically inert whereas that 
fraction bound by erythrocyte constitutes the 
hemolytically active moiety. 
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Pharmacologic Studies of a New Antihypertensive Compound 
N-(o-Methoxypheny]l) -N’- (3-methoxypropyl)-piperazine Phosphate 


(HT1479) 


(24872) 


B. B. Morpnis, L. W. RotH AND R. K. RICHARDS 
Dept. of Pharmacology, Abbott Laboratories, North Chicago, Ill. 


In screening of compounds for antihyper- 
tensive activity certain members of a series of 
piperazines showed significant power to pro- 
duce a fall of blood pressure, both in normo- 
tensive and hypertensive animals. Further 
testing of this group (all synthesized by Som- 
mers et al. of Organic Chemistry Dept., Ab- 
bott Labs) yielded one (HT1479) which pos- 
sessed satisfactory antihypertensive charac- 
teristics, and promised to excell in one impor- 
tant phase, that of relatively prolonged dura- 
tion of action in anesthetized animals. 

Methods. All injections were given intra- 
venously unless otherwise specified. Blood 
pressure was recorded from carotid artery of 
cats, dogs and monkeys anesthetized with phe- 
nobarbital-pentobarbital mixture, and re- 
corded with ink-writing mercury manometer. 
Blood pressure was also recorded from femo- 
ral artery of trained unanesthetized normoten- 
sive dogs. Cats were used for studies on caro- 
tid reflexes, effect of anoxia and nictitating 
membrane activity. Carotid sinus occlusion 
was achieved by 2 pneumatic cuffs which ap- 
plied pressure to the carotids in situ, with 
minimum of trauma or traction. Anoxia was 
produced by connecting tracheal cannula to 


spirometer containing 100% nitrogen. Nicti- 
tating membrane experiments employed direct 
mechanical recording of membrane move- 
ments. The preganglionic portion of the su- 
perior cervical nerve was stimulated by square 
wave or 60 cycle impulses. Standardized 
doses of epinephrine were given before and at 
intervals after administration of piperazine 
compound. Duration and degree of inhibition 
of pressor response was used as semi-quanti- 
tative measure of relative potencies. Para- 
sympatholytic action was determined in anes- 
thetized cats by comparing depressor response 
to standardized doses of acetylcholine (1 pg/ 
kg) before and after administration of drug. 
Antihistaminic potency of compounds was 
evaluated in anesthetized cats by their influ- 
ence on depressor response to standardized 
dose of histamine (0.25 yg). Renal hyper- 
tensive rats, prepared by Grollman method 
(1) were used to study hypotensive effect of 
the compounds. Blood pressure was meas- 
ured in these unanesthetized rats by photo- 
electric method of Kersten e¢ al.(2). Direct 
effect on heart was studied in the Langendorff 
heart preparation, perfused at pressure of 40- 
50 cm with Ringer-Locke solution. The drugs 
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were added to the perfusing solution. Heart 
contractions were recorded with ink-writing 
level, and coronary outflow was registered con- 
tinuously by modified Stephenson volume re- 
corded(3). Acute toxicity was determined 
in mice. LDso and standard errors were cal- 
culated by log-probit method of Miller and 
Tainter(4). Chronic toxicity studies were 
carried out in rats and dogs. 


Results. Anesthetized dogs and cats. 
HT1479 in dose of 0.5 mg/kg produced a low- 
ering of blood pressure of 55-70 mm Hg. At 
the end of 6 hours, blood pressure was still 30 
mm below usual normal level after this pe- 
riod. At 250 yg/kg there was a fall of 40-50 
mm with return to normal in about ™% hour 
in dogs and cats. 250 pg/kg administered 
intraduodenally produced a decline beginning 
in 7 minutes and progressing gradually to 30 
mm below normal. This level was sustained 
over 30 minutes before slowly returning to 
normal. In the above dose range, the heart 
rate slowed, but seldom as much as 10%. In 
28 animals many other tests in the range from 
25-250 wg/kg produced results comparable to 
those already mentioned. In the pithed, vago- 
tomized cat, doses of 75 and 100 pg/kg intra- 
venously caused prolonged drops of blood 
pressure and a slight inhibition of epinephrine 
response. One mg/kg produced complete re- 
versal of 5 and 10 ug of epinephrine. In both 
species bilateral occlusion of renal blood flow 
prolonged depressor effect up to 100%. When 
occlusion was terminated the pressure rose 
above control level. In anesthetized bilater- 
ally nephrectomized monkeys depressor ef- 
fects were similar to those osberved in cats or 
dogs with occlusion of renal artery except that 
duration of effect was much prolonged but 
magnitude of initial response was about the 
same. 


Langendorff heart preparation. The effects 
of HT 1479 and one of its homologues, HT507, 
on the isolated heart were studied in 22 cat 
hearts,*10 monkey hearts and 2 rabbit hearts. 
When mixed with Ringer-Locke solution in 
concentrations from 0.25 to 10 ng/ml and per- 
fused through coronary circulation, they pro- 
duced no consistent effect except a slight de- 
crease or increase in coronary flow. There 
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FIG. 1. Effect of HT1479 on blood pressure of 
an unanesthetized normotensive dog given 5 mg/kg 
orally. 

FIG. 2. Effect of HT1479 on blood pressure 
(femoral artery) of an unanesthetized normoten- 
sive dog after 0.1 mg/kg given intra-arterially into 
femoral artery. 


were no significant alterations in heart rate or 
amplitude of contractions. 

Coronary Flow in the Dog. In 5 experi- 
ments using a Morawitz cannula(5) the cor- 
onary flow of anesthetized dogs was directly 
measured. Intravenous (femoral) infusion of 
0.1 to 1 mg/kg of HT 1479 caused a slight in- 
crease in coronary flow. When 10 mg (ap- 
proximately 1 mg/kg) was injected directly 
into the vena cava there was a slight decrease 
in flow. In either case the change was less 
than 15%. 

Unanesthetized normotensive dogs. A single 
dose of 5 mg/kg orally produced lowering of 
blood pressure of 16 mm Hg when determined 
after 3 hours in one dog and of 20 mm after 
3.5 hours in another dog (Fig. 1). A dose of 
0.1 mg/kg into femoral artery produced im- 
mediate lowering of 25 mm in the artery of 
this extremity (Fig. 2). Electrocardiograms 
recorded following intravenous dose of 1 mg/ 
kg showed no significant abnormalities. A 
compensatory increase in heart rate occurred 
from a control of 90 beats/minute to 120 at 2 
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A New ANTIHYPERTENSIVE COMPOUND 


TABLE I. Effects on the Anesthetized Animal. 


Effect 


on blood pressure 


Compound Dose/kg  - 


No. T.V. (mg) mmHg Duration 


Epinephrine effeet 


Nietitating 
membrane 
response 


Serotonin 
effect 


Anesthetized cat 


HT1479 “l —55 Returning to 60% inhibited 50% inhibited Normal 
—20 sustained 
1 —70 80 min. Reversed 80% “ 40% inhibited 
507 220 -40 60 ” Normal Normal 
Spinal cat 
HT1479 075 -35 60 min. Slightly inhibited 
507 25 —55 Sustained 
Anesthetized dog 
HT1479 all -20 Sustained Absent 
507 5 —45 60 min. Normal 
Anesthetized monkcy 
HT1479 .05 —50 Returning to Normal 
—20 sustained 
507 A —45 Sustained 3 Normal 


minutes and 105 at 5 minutes. This change 
is probably attributable to fall in systemic 
blood pressure when the drug reaches general 
circulation. 

Peripheral blood flow in the dog. Measure- 
ment of peripheral arterial blood pressure with 
Nolf triple-manometer preparation likewise 
indicated that intra-arterial injection of 25 
pg/kg of HT1479 had a direct vasodilator ef- 
fect. The dilator action was usually less 
than subsequent systemic response when the 
drug entered the general circulation. This 
confirms the observation in the unanesthetized 
dog. 

Unanesthetized hypertensive rats. In a 
group of 6 chronic hypertensive rats with 
average blood pressure of 160 mm Hg (range 
152-168) HT1479 in single dose of 0.5 mg 
orally (equivalent to approximately 2.5 mg/ 
kg) produced a marked hypotensive effect. 
All animals showed significant decrease in 
blood pressure of about 25-30 mm, returning 
gradually to pretreatment levels in about 3 
hours. 

Miscellaneous effects. Blood pressure re- 
sponses in anesthetized cats to intravenous in- 
jections of l-arterenol, acetylcholine and hista- 
mine were not modified by doses of this com- 
pound which reverses the response to epine- 
phrine. Neither were typical responses of 
blood pressure to electrical stimulation to the 
central end of sciatic or caudal end of vagus 


nerves changed. The pressor effect of sero- 
tonin was reduced by about 40%. Doses of 
0.5-1 mg/kg produced a 75% inhibition of the 
nictitating membrane response to superior 
cervical nerve stimulation. Carotid sinus re- 
flex was 50-60% decreased and the response 
to anoxia reversed. In the expected therapeu- 
tic range (1-5 mg/kg) the compounds showed 
no potentiation of barbiturate sleep in mice. 
The same was true to 50 mg/kg orally. Ta- 
ble I shows activity of HT1479 and HT507 
upon blood pressure and certain other func- 
tions. Tachyphylaxis does not occur in an- 
esthetized cats or dogs. 

Acute toxicity. The LD59 (Table II) of 
HT1479 was determined in mice, at least 10/ 
level and analyzed by graphic method of Mil- 
ler and Tainter(4). The symptomatology was 
entirely that of a depressant, with ataxia, de- 
pression and coma. Respiratory depression, 
slowed heart rate and terminal cyanosis were 
sequentially seen. At no time were convul- 
sions observed. The depressant effects were 
seen only when the dose approached the lethal 
range. In dogs, HT1479 at doses up to 100 
mg/kg subcutaneously produced no deaths, 
but doses of 120 mg/kg and above were le- 
thal. A normal monkey was given 10 mg/kg 
of HT1479 by stomach tube. Only minimal 
behavioral effects were noted. There was a 
brief period of possible ataxia. The animal 
appeared tranquilized, he was drowsy, but 
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Nature and Appearance of Protein Digestion Products in Upper 


Mesenteric Blood. 


(24873) 


STtaNLEY M. Levenson, Hyman Rosen, Harotp L. UpJoHN* 
(Introduced by R. W. Clarke) 
Dept. of Surgical Metabolism and Physiology, Walter Reed Army Inst. of Research, Walter Reed 
Army Medical Center, Washington, D.C. 


The long standing question of whether a 
protein meal is hydrolyzed completely to free 
amino acids before absorption into the portal 
blood seems to have been answered recently 
in the affirmative by Parshin and Rubel(1), 
Whipple and his co-workers(2), and by Den- 
ton and Elvehjem(3,4). Whipple, e¢ al. 
reached their conclusion from the fact that 
C lysine fed to dogs was metabolized in pre- 
cisely the same way regardless of whether it 
was free or bound in protein. The others 
based their conclusions on failure to find sig- 
nificant rises in peptide concentrations of por- 
tal blood plasma after protein meals. Many 
years ago, some workers(5) purported to find 
large amounts of peptides in portal blood of 
animals after protein meals, but this work suf- 
fered from the difficulty that there was no 
method available for specific analysis of indi- 
vidual amino acids or peptides. The approach 
was usually to measure amino nitrogen of a 
protein free filtrate before and after hydroly- 
sis, or to measure the difference in amino ni- 
trogen of plasma filtrates after precipitation 
with different reagents, e.g., trichloroacetic 
acid and tungstic acid. Conclusions based on 
such methods are still being put forward(6). 
We made a direct search for peptides by newer 
methods, 7.¢., ultrafiltration and ion exchange 
fractionation of all low molecular plasma 
amino compounds. There is no recent work 
using these methods which, to our knowledge, 
unequivocally demonstrates that chemically 
measurable peptides appear in portal blood 
plasma as a result of protein meal. We are 
not dealing here with minute amounts of pep- 
tides and whole proteins which must be ab- 
sorbed to result in the well known immuno- 
logical phenomena that occur in all animals. 
It has seemed reasonable, therefore, to con- 
clude that proteins are digested with complete 


* Present address: Upjohn Co., Kalamazoo, Mich. 


degradation to amino acids. Dent and Schil- 
ling(7) however, found no rises of free amino 
acids in portal blood of partially gastrecto- 
mized dogs fed dog plasma protein, from 
which they concluded that this protein not 
only escaped complete hydrolysis, but was 
absorbed whole, escaping even the peptide 
stage. They used paper chromatography and 
the hydrolysis procedure mentioned _previ- 
ously. Besides the fact that their dogs were 


partially gastrectomized, their experiments Af 


were marked with difficulties in getting their 
animals to accept the meal without immediate 
vomiting and diarrhea; when this occurred, 
these excreta were refed or eaten voluntarily. 

Materials and methods. We attempted to 
recreate this apparently unique protein ab- 
sorption process with normal, ungastrecto- 
mized dogs. They were prepared by cannula- 
tion of a branch of superior mesenteric vein 
by surgical technic of Denton, et al(8). We 
chose this vein, rather than the portal vein, 
to avoid admixture of gastric, splenic and 
large bowel venous blood. We believe that our 
study is unique in this respect. The cathe- 
ters were kept open by daily irrigations with 
saline and heparin. In addition, we obtained 
lymph from one dog by cannulation of the 
thoracic duct. The dogs were allowed to re- 
cover for about a week after operation, and 
fed orally, or by stomach tube, about 70 g 
of cooked ground beef liver, or 30 g dry lyo- 
philized homologous plasma protein. Plasma 
amino acids were fractionated and analyzed 
by the method of Moore and Stein (9,10). 
This method is uniquely suited for detection 
of peptides, since the smaller peptides are 
chromatographable on Dowex 50, and can be 
recognized among the familiar landmarks of 
known amino acids. In addition, they can be 
isolated and analyzed by hydrolysis and re- 
chromatographing. We(11) isolated an aci- 
dic amino acid conjugate from plasma of nor- 


PROTEIN DIGESTION PRopucTS IN MESENTERIC BLoop 


TABLE I. Micromols Amino Acid per 100 ml Su- 
perior Mesenteric Plasma Ultrafiltrate. 


Dog A Dog B 


Dog C 
(plasma 
;-—— (liver meal) ——, meal) 

Hr after feeding 
OQ Be 1G 0 6% Oh 3} 6 
Taurine 4 10 8 5) 30 3) 5 5 


Asparticacid 0 1 I 4 14 ib 6} awe 
Threonine 15 47 47 


SGA* 42 50 44 78 91 48 87 13 

Glutamic acid 8 10 9 10 9 363 
Proline 13920) 60 13 «+69 16 26 48 
Glycine 26) doen 22) 7°69 22 29 52 
Valine 17 24 3 21) 83 20 34 80 


Methionine Omen 6. 28 Aon eel 


Isoleucine ay Pa ky) 7 60 Gey. ale} 
Leucine ) Bh Bk ly, Oh 9 47 101 
Tyrosine Py (ah Uf 4 14 3) 12, 30 
Phenylalanine 2 12 8 9 32 213 40 
Composition of conjugate 
Serine G © @ 0 0 0 2 0 
Glutamicacid 7 0 0 0 6 2a 8 0 
Glycine 17 49 59 24 23 25 31 24 
Alanine O38 16 0 0 0 0 0 


* SGA — Serine + glutamine + asparagine. 


mal human subjects in this way. 

Results. Table I shows levels of mesen- 
teric plasma amino acids in 2 dogs which re- 
ceived liver. Increases in amino acid concen- 
trations are by no means uniform, and can- 
not be correlated with the composition of the 
fed protein. 

We analyzed the lymph of one dog after a 
liver meal (Table II). The rises are similar 
to those of the mesenteric plasma. 

The chromatograms showed no ninhydrin 
reactive components which could be peptides. 
We did, however, isolate an amino acid con- 
jugate (supra) from each sample. These 
components gave no color with ninhydrin, and 
descended the columns rapidly, emerging 
ahead of aspartic acid. Subsequent hydrolysis 
in sealed tubes at 110°C for 12 hr, followed 
by rechromatography, yielded results shown 
in Table I. Glycine is the major component; 
we do not know the origin of these conjugates. 

The effect of feeding homologous plasma 
protein is also shown in Table I. . The rises of 
amino acids are, if anything, more dramatic 
than in liver fed dogs. No peptide fractions 
were found, nor was the conjugate remarkably 
elevated. ’ 
Discussion. Our results indicate that the 
normal dog digests homologous plasma pro- 
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teins in the same way as other proteins, 7.¢., 
with complete degradation to amino acids; 
the rises of free amino acids in the mesenteric 
plasma are at least as great in the dog fed 
plasma as in those fed liver. The increase 
in amino acid concentrations after meals fol- 
lowed no predictable pattern, nor did this 
process bear any relation to composition of 
the meal. The explanation for this may be 
that the amino acids have different absorption 
rates, that they compete with each other in 
the absorption process, or that their absorp- 
tion is inhibited by nonprotein components 
of the diet. This last possibility was dis- 
cussed by Denton and Elvehjem(3). 

The amino acid conjugate, consisting 
mainly of glycine and glutamic acid was 
found in all plasma samples, and in lymph. 
We do not know the origin of this substance, 
nor the reason for its varying composition. 

Fisher(12), theorizes that peptides are the 
basic units of protein synthesis, rather than 
free amino acids. If this is true, these pep- 
tides could not have a direct dietary origin, 
at least if liver or plasma are protein sources, 
nor does it seem from our experiments that 
amino acid conjugate(s) could arise directly 
from the diet. 

Since our work was done, Newey and Smyth 
(13) have shown with im vivo experiments 


TABLE II. Micromols Amino Acid/100 ml Thor- 
aci¢ Duct Lymph Ultrafiltrate. 
Dog C (liver meal) 
Hr after feeding 


0 2.5 4.5 

Taurine S 5.8 8.5 
Aspartic acid 2 ue af 
Threonine 13 27 27 
SGA* 45 74 124 
Glutamie acid 10 46 15 
Proline 17 23 27 
Glycine 23 32 35 
Valine 24 28 23 
Methionine 3 11 13 
Isoleucine 6 14 15 
Leucine uel 25 19 
Tyrosine 5 et 12 
Phenylalanine 5 20 18 

Composition of conjugate 
Serine 0 12 
Glutamie acid 3 15 
Glycine 7 8.5 
Alanine 0 0 


* SGA = Serine + glutamine + asparagine. 
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that a number of dipeptides introduced into 
the intestine of the dog appear in mesenteric 
plasma almost completely as free amino acids. 
Their results, then, are in general agreement 
with our own. Similar experiments done im 
vitro by Newey and Smyth confirm earlier 
work of Agar, et al.(14) which showed that 
dipeptides introduced on the mucosal side ap- 
peared on the serosal side almost entirely as 
free amino acids. The small and variable 
though definite passage of some peptide leaves 
open the possibility that such absorption 
might occur im vivo in cases of surgically al- 
tered or diseased gastrointestinal tract. 


Summary. Dogs prepared with catheters 
in the superior mesenteric vein were fed meals 
of liver and homologous plasma protein. 
Analysis of the superior mesenteric blood 
plasma showed marked rises in amino acids 
up to 6 hours later. Digestion of the homolo- 
gous plasma protein took essentially the same 
course as that of liver protein, contrary to re- 
sults reported by others(7). No peptides 
were found and both proteins were apparently 
completely degraded to amino acids. Rises 
in lymph amino acids were qualitatively simi- 
lar to those of the mesenteric plasma, though 
not as marked. An amino acid conjugate was 


ECHO-9 ANTIBODY TITRATIONS 


isolated from all plasma samples, and its 
amino acid composition was determined. Its 
changing structure, and failure to respond in 
an obvious way to the meals leads us to be- 
lieve that it is not of direct dietary origin. 
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ECHO-9 Virus Antibody Titrations in a HeLa Cell System. (24874) 


Marton K. Cooney, Liroyp E. Boyp AND HENRY BAUER 
(Introduced by Anne C. Kimball) 
Minn. Dept. of Health, Division of Medical Labs., Minneapolis 


The need to perform ECHO-9 virus anti- 
body titrations during an outbreak of this in- 
fection in summer of 1957(1,2) prompted us 
to attempt the use of HeLa cells for these 
titrations because HeLa cells were more 
readily available to us than monkey kidney 
cells. HeLa cell adapted(3) ECHO-9 virus 
(Hill strain) was used as the antigen.* The 
results reported here clearly demonstrate that 
ECHO-9 antibody titrations can be readily 
executed in HeLa cell tissue culture. 


* Seed virus was kindly supplied by Dr. Herbert 
A. Wenner, Univ. of Kansas School of Med., Kansas 
City. 


Materials and methods. HeLa cells were 
grown in milk dilution bottles according to 
methods originally outlined by Syverton and 
Scherer(4). Lactalbumin hydrolysate-yeast 
extract medium (LHYE) containing 20% hu- 
man serum was used as growth medium. After 
7 days incubation at 37°C, bottles were 
scraped, cells dispersed in growth medium, 
a cell count made, and suspension prepared to 
dispense 50,000 to 60,000 cells/tube in 0.75 
ml of growth medium. Tubes were incubated 
at 37°C for 3 or 4 days. On day tubes were 
used, the growth medium was removed, the 
cell sheet rinsed 3 times with Hanks’ bal- 
anced salt solution (BSS) following which 
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0.9 ml of maintenance medium, consisting of 
a solution of LHYE containing 2% calf se- 
rum, was dispensed into each tube. Virus 
pools. One ml of a 10° dilution of HeLa- 
adapted ECHO-9 (Hill strain) virus was in- 
oculated into each of several bottles of HeLa 
cells, in which cell sheets had been rinsed with 
Hanks’ BSS and to which 10 ml of mainte- 
nance medium had been added. Bottles were 
incubated at 37°C, and when cell sheets 
showed maximum cytopathogenic effect (2 to 
3 days after inoculation), they were placed 
at —20°C for storage. Virus pools were pre- 
pared by thawing and pooling stored tissue 
culture fluids. The fluids were then centri- 
fuged at 1000 rpm for 10 minutes in horizon- 
tal centrifuge. The supernatant fluid subse- 
quently used in neutralization tests was am- 
pouled, and stored at —20°C. The virus sus- 
pension was titrated in half-log dilutions to 
determine TCID;p of the virus for HeLa cells. 
Average TCIDs;, for several lots tested was 
0.1 ml of a 10-*-° dilution. The dose was 100 
TCIDs0. Serum specimens. Acute and con- 
valescent phase sera submitted in 1957 from 
persons with symptoms of acute central ner- 
vous system (CNS) disease (aseptic menin- 
gitis syndrome) were tested. A group of 48 
pairs of serum specimens submitted in 1956, 
when Coxsackie B5 virus(5) infection was 
prevalent, was also tested. Technic of test. 
Serum specimens were diluted 1:4 with 
Hanks’ BSS and heated at 56°C in waterbath 
for 30 minutes. Five additional 4-fold dilu- 
tions (through 1:4096) of serum specimens 
were prepared in Hanks’ BSS. An equal vol- 
ume of ECHO-9 virus suspension, adjusted to 
contain 100 TCID; )/0.1 ml, was mixed with 
each serum dilution and allowed to stand for 
one hour at room temperature. An inoculum 
of 0.2 ml of each serum-virus mixture was 
used/HeLa cell culture tube. A _ positive 
serum control was included in each series of 
tests. Virus titration, using 100, 10, and 1 
TCIDs5» of virus, in presence of negative hu- 
man serum was also included to determine pre- 
cise virus dose present in test. Serum neutrali- 
zation endpoints were determined when half, 
or more than half of virus titration tubes in- 
oculated with 1 TCID;o0 of virus showed cy- 
topathogenic effect. Titers were expressed as 


Column Total 


Toto19294 77 54 33 7 | I 
aes pe 


CONVALESCENT BLOOD TITER 


ACUTE BLOOD TITER 
FIG. 1. ECHO-9 antibody results on 467 pairs of 


acute and convalescent serum specimens. Titers 

are expressed as reciprocal of highest dilution of 

serum completely neutralizing 100 TCID, of 
ECHO-9 virus. 


reciprocal of highest serum dilution which 
completely neutralized 100 TCID;50 of ECHO- 
9 virus. ECHO-9 virus isolation and identifi- 
cation. Monkey kidney cell tubes were pur- 
chased for ECHO-9 virus isolation and typ- 
ing. Type-specific ECHO-9 antiserum was 
supplied through courtesy of Nat’l. Fn. for 
Infantile Paralysis. 

Results. ECHO-9 virus neutralizing anti- 
body titrations on paired serum specimens 
from 467 patients submitted in 1957 during 
outbreak of aseptic meningitis, are pre- 
sented in a correlation square, Fig. |. The 
number in each cell represents number of 
persons who had the initial titer indicated be- 
low the square, and the convalescent titer 
indicated at left of square. Those persons 
represented in cells on diagonal line showed 
the same antibody titer in both specimens. 
The number of persons showing significant in- 
crease in titer is represented in cells appearing 
2 or more squares above diagonal line. Speci- 
mens for virus isolation were available from 
281 of 467 patients tested for antibodies and 
Table I shows relationship between isolation 
of ECHO-9 virus and antibody results. 

t Subsequent studies revealed there were also 26 
cases of Coxsackie B5 virus infection, and 64 cases 
of poliovirus infection to make the total aseptic 
meningitis experience in Minnesota during 1957. 
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TABLE I. Association of ECHO-9 Virus Isolation with Antibody Titer. 
No significant rise— 
Highest titer* observed 
——— — — Significant 
64 or (16 or >) 
<4 4 16 higher rise in titer Total 
Total patients 174 76 ~—«B2 53 112 467 
Patients from whom specimens were 84 37 33 48 79 281 
submitted for virus isolation 
Patients from whom ECHO-9 virus 2 4 7 27 61 101 
was isolated 
ECHO-9 isolation (%) 2.4 10.8 21.2 56.3 77.2 35.5 


* Titers expressed as reciprocal of highest serum dilution completely neutralizing 100 


TCID;, ECHO-9 virus. 


A significant rise in antibody was observed 
more often if first blood specimen was col- 
lected during first 6 days of illness. Among 
112 patients showing significant rise, the date 
of onset was known for 106, and 87 of these 
were collected within first 6 days of illness. 
In contrast to this, 105 patients showed 
ECHO-9 antibody but no rise in titer. Date 
of onset was known for 100 of these, and 51 
were collected within first 6 days of illness. 
Paired serum specimens available from 48 
patients ill with CNS disease in 1956 were 
tested to compare incidence of ECHO-9 neu- 
tralizing antibody with the 1957 group. The 
highest antibody titer in this group was 64 in 
both specimens on one patient. One patient 

_had a titer of 16 in both specimens, and 5 pa- 
tients had a titer of 4 in both specimens. 

Discussion. Fig. 1 shows that 174 (37%) 
of patients had no antibody in either serum 
specimen at dilution 1:4. 

The data presented in Table I show that 
ECHO-9 virus was isolated from only 2, or 
2.4% of patients in whom antibody was not 
detected at serum dilution of 1:4. Virus iso- 
lation rates increased with higher titers. The 
highest isolation rate (77.2%) was in the 
group in whom a significant (16-fold) rise in 
antibody titer could be demonstrated. 

Monkey kidney cells were used for all 
ECHO-9 virus isolation and _ identification. 
All attempts to isolate ECHO-9 virus in HeLa 
cells were unsuccessful. 

Titrations on paired sera from 48 patients 
with CNS disease in 1956 indicated that 
ECHO-9 antibodies were rarely demonstrable 
in that year since 41 (85%) of paired sera 
tested had no demonstrable antibody at serum 
dilution of 1:4. 


Significance of the presence of antibody in 
instances in which a significant rise could not 
be demonstrated is not clear. In Fig. 1, con- 
valescent titers are clustered at 4, 16, and 64. 
Fewer titers of 256 were demonstrated, while 
only a few persons showed titers of 1024 and 
4096. In 29 patients showing a significant 
rise in antibody titer, the peak of antibody 
titer attained was 16. We interpreted this 
to mean that titers as low as 4 and 16 may be 
taken as supportive evidence for diagnosis of 
ECHO-9 infection under epidemic conditions. 
The higher virus isolation rates obtained in 
association with these antibody levels (Table 
I) support this view. 

Summary and conclusions. 1) Use of a 
HeLa cell system, using HeLa cell-adapted 
ECHO-9 virus, has definite value in studying 
neutralizing antibody titers during an ECHO- 
9 epidemic. 2) 228 cases of CNS disease re- 
ported to our Department during summer and 
fall of 1957 were listed as ECHO-9 virus in- 
fections on the basis of clinical, epidemiologi- 
cal and/or laboratory findings. Laboratory 
evidence for support of the diagnosis was 
available in 214 cases. 
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Experimental Attempt to Produce L-E Syndrome (Arthritis) in Swine 


with Hydralazine.* 


(24875) 


F. W. McCoy anp W. J. Leacu (Introduced by C. D. Leake) 
Depts. of Anatomy and Medicine, Ohio State University 


Lansbury and Rogers(1) reported syn- 
dromes resembling lupus erythematosis in pa- 
tients receiving hydralazine (Apresoline) for 
hypertension. Attempts to produce this phe- 
nomenon in laboratory animals have failed 
(2,3). Pigs often develop a rheumatoid-like 
arthritis, probably of infectious etiology (4). 
If a triggering mechanism exists for a rheuma- 
toid state as suggested in humans, we thought 
it might be activated in the pig by Apresoline. 

Materials and methods. Ten litter mates of 
Poland-China breed pigs were used. Two 
served as controls and remainder treated with 
Apresoline. Intramuscular injections of 
Apresoline, exceeding dosages employed in 
humans, were used, given daily and increased 
weekly (Table I). Injections were stopped at 
end of 9 weeks because of physical difficulties. 
In addition, powdered Apresoline was added 
to their daily supplemental feedings in Karo 
syrup and a commercial pellet (containing 
Aureomycin, vitamins and minerals). When 
too much Apresoline was added, they refused 
it, thus it was possible to maintain an increas- 
ing dosage within palatable limits. Table I 
summarizes amounts of drug given orally and 
intramuscularly in correlation with increase of 
weight and age of the animals. Two experi- 
mental animals were sacrificed at 60 days and 
remainder at the end of fourth month. L-E 
preps., sheep-cell and Latex-fixation agglutina- 


TABLE I. Age, Weight of and Amount of Apreso- 
line Administered. 


Apresoline 
Avg wt I.M. Oral Daily total 

Time (wk) (Ib) = (mg) —~ 

1 10— 15 40 100 140 

2 15— 20 80 200 280 

3 20— 25 100 400 500 

4 25— 30 id 600 700 

5 30— 35 200 800 1000 

6 40— 50 400 1200 1600 

7 50— 60 2 1600 2000 

8 60— 70 ¢ 2000 2400 

9 70— 80 ms ie 4 

10-16 80-120 2400 


* Financial support was provided by Development 
Fund, Ohio State Univ., and Ciba. 


tion tests, as well as histological examination 
of synovial membranes, kidney, hearts and 
adrenals were performed. 

Results. Never did any of the animals ap- 
pear to suffer any adverse effects from the 
drugs. No signs of stiffness or joint involve- 
ment appeared. None of the animals exhibi- 
ted a positive L-E prep., or positive serologi- 
cal reaction. Histologically, no abnormalities 
were found compatible with either rheumatoid 
arthritis or any other collagen disease. The 
adrenal cortex exhibited a histological change 
as reported previously (5), but is not pertinent 
to this report. Inspection of the animals at 
time of sacrifice by the Veterinary Service of 
the University revealed no gross abnormalities 
to distinguish our experimental animals from 
others of comparable age and weight that were 
being slaughtered at the same time. 

Discussion. This experiment may be criti- 
cized for its shortness. However, spontane- 
ous occurrence of arthritis in pigs commonly 
occurs when treatment of our animals was 
stopped. Further, we may assume the 
amounts and method of administering the 
drug should have resulted in sufficient blood 
level to produce a toxic or triggering-effect if 
any was to be obtained. We suggest a species 
specificity for the Hydralazine Syndrome, 
since occurrence of this syndrome has only 
been reported in man. 

Summary. Pigs were given Apresoline in 
massive dosages over a 4 month period. The 
attempt to produce the Hydralazine Syn- 
drome in this species of animals was a failure. 
A suggestion is made that there may be a 
species specificity in the action of the drug. 

1. Lansbury, J., Rogers, F. B., Bull. Rheum. Dis., 
1955; v5, 85: 

2. Comens, P., J. Lab. and Clin. Med., 1956, v47, 
444, 

3. Dubois, E. L., Katz, Y. J., Freeman, V., Garbak, 
F., ibid., 1957, v50, 119. 

4. Sikes, D., Ann. N. Y. Acad. Sci., 1958, v70, 717. 

5. Hayes, E. R., McCoy, F. W., Anat. Rec., 1956, 
v124, 302. 
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Stimulation of Growth by Partial Hepatectomy.* 


(24876) 


K. E. Pascuxis,t J. Gopparp, A. CANTAROW} AND S. AprBrIS 
Division of Endocrine and Cancer Research, Jefferson Medical College, Philadelphia 


We have previously reported that growth 
of certain transplanted rat tumors is enhanced 
by partial hepatectomy as compared with 
growth of these tumors in sham-operated con- 
trols(1). Previously, 3 groups of investigators 
had shown that partial hepatectomy in one 
of a pair of parabiotic rats induced increased 
mitoses in the liver of the other, intact, para- 
biont(2,3,4). Because these observations in- 
dicated enhancement of certain growth proc- 
esses in the presence of regenerating liver, the 
effect of the latter was investigated further. 
Studies were made of the effect of partial 
hepatectomy and liver regeneration on: (a) 
mitotic rate in cornea and skin; (b) com- 
pensatory hypertrophy of kidney following 
unilateral nephrectomy; (c) epiphyseal width 
in the hypophysectomized rat. 

Material and methods. Partial hepatec- 
tomy was performed under ether anesthesia 
by the method of Higgins and Anderson 
whereby 67% of liver is removed(5). Male 
rats of Wistar strain, obtained from Bark- 
bridge Farms, N. J., were used, except in the 
study of epiphyseal width. The latter experi- 
ments were performed on hypophysectomized 
female rats of Sprague Dawley strain, pur- 
chased from Hormone Assay Labs, Chicago. 
Hypophysectomy was performed at the age of 
26 days, and the experiments 2 weeks later. 
Corneal mitosis. Partially hepatectomized and 
control rats were killed by exsanguination un- 
der ether anesthesia on fourth day after oper- 
ation; all animals received an injection of col- 
chicine (1 mg/kg body wt) 8 hours prior to 
death. Control rats were subjected to ‘‘sham 
operation” on day on which the experimental 
group was partially hepatectomized. The 
sham operation consisted of laparotomy under 
ether anesthesia; liver lobes were pushed out 


* Supported in part by grant C2394 of Nat. Cancer 
Inst. 

t Dept. of Physiology and of Medicine. 

t Dept. of Biochemistry. 

§ Student assistant, oncologic teaching grant of 
Nat. Cancer Inst. 


of abdomen through the incision, then re- 
turned to abdominal cavity. At autopsy, the 
eyes were fixed in Bouin-Hollande solution; 
after fixation the cornea was dissected out, 
embedded in paraffin, and sectioned serially 
at 6 ». Sections were stained with Mallory’s 
acid-hematoxylin, or with Masson’s iron- 
hematoxylin. 12-14 sections on either side of 
the equator were used for mitosis counts. 
Randomization of microscopic fields was per- 
formed by use of random numbers of Kendall 
and Smith(6). To avoid counting mitoses 
twice, only alternate sections were used. The 
mitotic index was calculated by the formula 


mitotic nuclei 
—__—_—__—— x 100. The Rank test, ac- 
quiescent nuclei 


cording to Kruskal and Wallis(7) was applied 
to evaluate significance (p). Compensatory 
hypertrophy of kidney. The experimental 
group was subjected to partial hepatectomy; 
at the same time one kidney was removed. In 
controls, only unilateral nephrectomy was per- 
formed. Weight of extirpated kidney and 
body weight were recorded. Three weeks 
later all animals were killed by exsanguination 
under ether anesthesia and right kidneys were 
weighed. The difference between weights of 
the 2 kidneys is a measure of compensatory 
hypertrophy following unilateral nephrec- 
tomy. The significance of difference of mean 
increments in kidney weight between control 
group (nephrectomy only) and _nephrecto- 
mized hepatectomized group was determined 
by Fisher-“Student” test. Epiphyseal growth 
in hypophysectomized rats. Female rats hy- 
pophysectomized on 26th day of life were 
subjected to partial hepatectomy 2 weeks after 
hypophysectomy; hypophysectomized con- 
trols were subjected to sham operation as 
described above. In the first 2 series postop- 
erative mortality was so high that no definite 
conclusion could be drawn from the few sur- 
vivors. Thereafter, both hepatectomized and 
sham-operated animals were given 2.5 mg cor- 
tisone acetate by subcutaneous injection daily 


GROWTH AND ParTIAL HEPATECTOMY 


TABLE I. Mitoses in Cornea following Partial 


Hepatectomy. 
No. of Median 
animals mitotic index 
Controls if £722 
Hepatect. ial 2.080 
Je <i OE 


* Rank Test (Kruskal and Wallis). 


beginning on day of operation. All animals 
were killed on 6th day after operation. The 
tibiae were fixed in Bouin-trichloracetic acid, 
and decalcified in a solution containing 5% 
trichloracetic acid and 10% formaldehyde. 
After embedding in paraffin, serial sections 
were made of the region of proximal epiphysis 
and were stained with hematoxylin eosin. 
Measurements of epiphyseal width were made 
on central sections, with use of eye-piece mi- 
crometer(8). For statistical evaluation, the 
p of difference between the 2 groups was de- 
termined by Fisher’s “Student” method. 

Results. Mitosis stimulation, cornea and 
skin (Pinna). Four days after partial hepa- 
tectomy, the mitotic index in the cornea was 
significantly higher than in cornea of sham- 
operated controls (Table I). No increase of 
mitotic activity was found in the skin (pinna). 
(Not tabulated). 

Compensatory enlargement of kidney. In 
rats subjected simultaneously to unilateral ne- 
phrectomy and partial hepatectomy, com- 
pensatory enlargement of remaining kidney 
was greater than in controls, subjected only 
to unilateral nephrectomy. The difference 
was statistically significant (Table II). 

Growth of the tibial epiphysis in hypophy- 
sectomized rats. Six days after partial hepa- 
tectomy there was a highly significant increase 
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in epiphyseal width as compared with that in 
sham-operated controls (Table III). The pos- 
sible growth inhibiting effect of the adminis- 
tered cortisone acetate we consider of minor 
importance because both hepatectomized and 
control rats received identical treatment. 
Discussion, Experiments here reported 
show stimulation of growth of 3 different tis- 
sues following partial hepatectomy. These 3 
tissues differ widely in their biological charac- 
teristics. Intensive and rapid growth induced 
in liver remnant following partial hepatec- 
tomy has long been known. Occurrence of a 
mitotic reaction in liver of a normal, intact 
parabiont, following partial hepatectomy in 
the other, first demonstrated that a growth 


TABLE III. Effect of Partial Hepatectomy on 
Epiphyseal Width of Proximal Tibia of Hypophy- 
sectomized Rats. 


Mean epiphyseal 


No. of 
animals width 
Sham operated controls 17 212.0 + 4.67* 
Hepatectomized 10 246.7 + 6.74 
Ie ey AKO 


* Stand. error of mean. 
t T-test (Fisher’s Student method). 


stimulus was carried humorally following par- 
tial hepatectomy(2,3,4). These data could 
be interpreted as indicating presence of an 
organ specific growth-stimulating agent. Our 
previously reported findings of increased tu- 
mor growth in the presence of regenerating 
liver(1) and extension of this effect in the 
present report, to non-tumor tissues, indicate 
that the growth stimulus is not organ specific. 

The question whether such growth stimula- 
tion is due to an active growth stimulating 
agent circulating in partially hepatectomized 


TABLE II. Effect of Partial Hepatectomy on Compensatory Hypertrophy of Kidney. 


Mean iner. in kidney wt 


No. of (g) 

animals Absolute Relative* Body wt iner. (g) 
Control nephrect. 18 320 + .03t 57.9 
Nephrect., hepatect. 8 430 + .04 50.5 
Pay of diff.t s .05 
Control nephrect. 9 321 + .02 080 + .O1 40 +14.2 
Nephrect., hepatect. 7 544 + .07 228 + .05 55.4 + 28.2 
Poy of diff. <.01 <.01 <n 


* Wt of each kidney recorded in % of body wt at time kidney was obtained. 


+ Stand. error of mean. 
+ T-test (Fisher’s ‘‘Student’’ method). 
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rats, possibly secreted by the regenerating 
liver, or whether it is due to removal of a 
growth inhibitor by partial hepatectomy, was 
first posed by Bucher e¢ al.(2). Glinos has 
recently reviewed the evidence for the latter 
mechanism, implicating plasma proteins as the 
regulating factor, or the agent of “chemical 
communication”(9). On the other hand, 
Friedrich-Freksa and Zaki have found that 
injection of serum of hepatectomized, but not 
of intact rats into normal recipients induces 
mitoses in the liver. This is interpreted as 
evidence for presence of a growth-stimulating 
factor(10). Glinos discounts this report be- 
cause he was unable to confirm it; however 
Stich and Florian have confirmed, in part, the 
findings of Friedrich-Freksa, inasmuch as 
they found that injection of serum from par- 
tially hepatectomized rats increased the mi- 
totic count of regenerating liver in the recipi- 
ent animal. Injection of serum from intact 
donors, or of homogenates of normal liver, in- 
hibited mitosis in the regenerating liver. The 
authors also interpret their results as indicat- 
ing regulation of liver growth by an inhibitor 
present in normal liver, and evidently in cir- 
culating blood(11). However the fact that 
serum from hepatectomized donors showed 
not merely absence of inhibiting action, but 
actual stimulation, suggests the possibility of 
a balance between stimulating and inhibiting 
factors(12). The studies cited above were 
concerned with regulation of liver regenera- 
tion and were interpreted in terms of organ- 
specific growth regulators. It is not known 
whether the non-organ-specific growth stimu- 
lation incident to liver regeneration here de- 
scribed, is subject to similar inhibitory and 
regulatory factors; this possibility is currently 
being investigated in our laboratories. 


GROWTH AND PARTIAL HEPATECTOMY 


Summary. It has been shown by others 
that partial hepatectomy in one partner of 
parabiotic rats induced mitoses in liver of the 
other, intact parabiont. We found previously 
that growth of transplanted tumors was en- 
hanced by partial hepatectomy of the host. In 
this paper stimulation of non-malignant 
growth following partial hepatectomy in the 
rat is reported. Mitotic rate in cornea, and 
compensatory hypertrophy of kidney is in- 
creased. In hypophysectomized rats partial 
hepatectomy is followed by increased width of 
tibial epiphysis. These findings are discussed 
with regard to organ specificity and mechan- 
isms of growth regulation. 
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Reversal by Metabolic Regulators of CO.-Induced Inhibition of 


Mammalian Spermatozoa.* 


(24877) 


G. W. SALISBURY 
Dept. of Dairy Science, University of Illinois, Urbana 


The causes of quiescence of mammalian 
spermatozoa in the epididymis and of their 
acquisition of active motility upon ejaculation 
have long been sought by physiologists. 
Lardy and his co-workers(5) found a meta- 
bolic regulator in epididymal spermatozoa of 
the bull, which diffused from the cells to stim- 
ulate them to markedly greater respiration. 
Bishop and Salisbury(2) after studying aero- 
bic metabolic aspects of the “dilution effect” 
with ejaculated bull spermatozoa, had postu- 
lated a metabolic inhibitor in semen ‘“‘associ- 
ated with spermatozoa.” They based their 
speculation on the fact that dilution of a 
standard number of cells with either seminal 
plasma or with 0.9% NaCl resulted in mark- 
edly increased rate of oxygen consumption/ 
cell. At first inspection these observations, 
one dealing with a stimulator, the other with 
inhibitor, seem contradictory and no attempt 
has been made to reconcile them. However, 
recent studies indicate these observations to 
be part of the physiological change associated 
with maturation and production of fully ac- 
tive spermatozoa. Earlier identified as ele- 
mental sulfur by yeast-test then employed, 
the regulator contained that element(5) but 
its effects on respiration were duplicable only 
by cysteine, homocysteine, glutathione and in- 
organic sulfide and sulfite, the sulfite isolated 
as one of the important reducing substances in 
semen by Larson and Salisbury(6). Roedel 
in Germany verified the observations of the 
Wisconsin group and showed that epididymal 
spermatozoa contained a cysteine desulfhy- 
drase which released sulfide from cysteine(8). 
The sulfide was effective in producing the 
same stimulation to respiration by epididymal 
spermatozoa as reported for diffusible sub- 
stance containing sulfur. Sodium and chlor- 
ide ions tend to stimulate metabolic activity of 
spermatozoa(2,9). K-ion at levels present in 
the epididymis inhibits respiration(4) and an- 
aerobic glycolysis by ejaculated bull sperma- 


* Supported in part by grant from Rockefeller Fn. 


tozoa(12). Calcium ion interacts to counter 
the potassium effect(4). The p CO. above 
about 2% of atmosphere independently inhib- 
its glycolysis(12), and at 100% COs glycoly- 
sis is less than 10% of that occurring under 
No(11). Inhibition is reversible by replace- 
ment of CO, by air or by No(11). Evidence 
exists that epididymal sperm or ejaculated 
cells in a highly concentrated condition are 
low in chloride and high in CO2(3,7) and on 
dilution a chloride shift occurs allowing CO, 
to be released from cells and chloride to enter 
them(7). Recent work reported here shows 
that sulfide or sulfite by-product of cysteine 
desulfhydrase activity by spermatozoa is fully 
capable of reversing inhibition of anaerobic 
glycolysis by COs. These suggest that dif- 
fusible substance in epididymal spermatozoa 
observed by Lardy et al.(5) and others(8) 
was probably not only a sulfhydryl decom- 
position product but possibly, in addition, 
COs, and that sulfide and sulfite from sulf- 
hydryl component are catalysts of, if not ac- 
tive participants in, the reaction releasing COs 
from the cell. 

Procedure. The technic used has been de- 
scribed(12). Briefly it consisted of measure- 
ment of COs evolution by acid metabolites 
from bicarbonate, or of lactic acid output, by 
ejaculated spermatozoa suspended in their 
own seminal plasma, and in IVTy, diluent at 
37°C for 4 hours under 3. p COs, of 5 and 
50% in Nz and 100% COs. The data, each a 
mean of 3 replicates, are reported as equiva- 
lent pg of lactic acid produced by 108 cells/ 
hour during 4-hour incubation at 37°C. In 5 
experiments the »g acid equivalent was calcu- 
lated from pl COs evolved from bicarbonate 
after correction for CO», and acid retention 
(12). In Exp. No. 3 in which levels of 0, 30, 
300, and 600 pg of sulfur were added/ml dilu- 
ent as glutathione, actual lactic acid deter- 
minations were made before and after the 4- 
hour period by method of Barker and Sum- 
merson(1). Motility of cells was determined 
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TABLE I. Effect on Anaerobic Glycolysis and Livability of Bovine Spermatozoa during 4 Hr 
at 37°C of Various Amounts of Cysteine, Glutathione, Sodium Sulfide and Sodium Sulfite. 


Cysteine r = Glutathione ——H———— 
Exp. 1 Exp. 2 Exp. 3 
pCO. —— peg S/ml ——_, ——— pe S/ml —— ——— pg S/ml — 
(%) 0 30 60 90 0 30 60 90 0 30 300 600 
Zya* 5 148 141 132 133 asx0)  ONSyaj allay) taut 82) 90) 07a 470 
50 Bikey SX eS U4 a eS 22 23 24— 26 
100 iss lee lala 3 AKG) 9 iy aW@ al) lish 
Final 5 52 50 55 £58 Or WO Of SOLOS OOMmEOD 
mot., % 50 Bye GU) SYR SO one meme 52. 35. 63. 65 
100 AT Ove Oz Osh i WO G0) 0) fe} Hts) BY 
Sulfide — Sulfite 
Exp. 4 Exp. 5 Exp. 6 
pCOs —— pe S/ml—_ —— pe S/ml —{ ——— pg S/ml —_ 
(%) 0 5 20 80 0 160 320 480 0 ad) al 0) 
Za” 5 168 158 155 161 142 116 174 173 130 etal eal OLS 3 
50 28 23 18 25 Tse shy AAA) Set Wp GS) YRS TAL 
100 WO ale} ales IS 3 45 105 129 6 94 89 85 
Final 5 bey Gf BRIS. (ay) 63 47 40 40 Gy sy Ge as 
mot., % 50 53 57 63 63 60 53 20 30 63° 53) 775277160 
100 50 53- 50 £60 67 47 24 47 65 9 C0isssoSe os 


* Zr. — pg lactic acid produced by 108 cells/hr, directly determined in Exp. 3, and caleulated 
from CO, evolution from bicarbonate in the 5 other experiments. 


at end of 4-hour incubation by direct micro- 
scopic examination after aeration of cells fol- 
lowing their removal from Warburg flasks. 
Dilution rate was one part of semen to 4 parts 
of IVTx, diluent. The buffer of this diluent 
was composed of sodium citrate and sodium 
bicarbonate (0.025M). Various quantities of 
cysteine and glutathione, as representative of 
sulfhydryl components in the epididymis, and 
of sodium sulfide, sulfite and sulfate, as repre- 
sentative of their breakdown products after 
desulfhydrase action(8), were added to the 
IVT semen diluent. 

Results. The results of 6 experiments 
(Table I) clearly show the previously reported 
statistically and biologically highly significant 
inhibition of glycolysis by increasing p CO, 
in the gas phase surrounding the spermatozoa. 
Neither cysteine nor glutathione at levels em- 
ployed, which were higher in the case of glu- 
tathione than the total non-carbohydrate re- 
ducing substances found in semen(10), had 
any measurable influence on glycolysis of 
ejaculated spermatozoa. There are, of course, 
variations in mean glycolysis values but, ex- 
cept for the effect of COs, none of the treat- 
ments approached statistical significance. In 
Exp. 3, however, ability of cells to withstand 


incubation as indicated by final motilities was 
improved by the glutathione. 

Both sulfide and sulfite, on the other hand, 
each exerted a marked influence on inhibition 
of glycolysis by COs. The effect was to re- 
lease inhibition by COs. In 100% COs, for 
example, without added sulfide, glycolysis was 
less than 3% of that occurring under 5% 
COz. However, in the presence of 480 pg 
S/ml as sulfide, glycolysis was approximately 
75% as great as with only 5% COs. This 
level of sulfide was several times higher in 
sulfur equivalent than the levels reported in 
semen. However, sulfite at physiological lev- 
els(6) stimulated anaerobic glycolysis in 5% 
COz and partially, though not completely, re- 
versed inhibition by 50 and 100% COs. Ad- 
ditional sulfite over minimum level of an 
equivalent of 30 »g S/ml did not increase the 
response. All levels of sulfide in Exp. 5 de- 
pressed final motility. 

A final experiment was replicated 3 times 
with 0, 30, 60 and 90 wg of S/ml as sodium 
sulfate added to diluent. It resulted in no 
measurable effect of the sulfate ion on mo- 
tility nor on glycolysis, measured as acid 
equivalents of CO» evolved from bicarbonate, 
as hexose uptake, or as lactic acid produced. 


PLASMA FROM WOUNDED Donors 


These results and earlier observations lead 
to the speculation that phenomena of this 
sort are involved in initiation of motility of 
spermatozoa at ejaculation. Spermatozoa are 
inhibited by high » CO, and high K concen- 
tration in the epididymis. The enzyme or 
enzymes of spermatozoa responsible for cleav- 
age of sulfide from the substrate, probably 
also from the cells, are probably activated by 
the citrate added to cells on admixture of ac- 
cessory gland fluids at ejaculation. After ac- 
tivation, the sulfide diffuses from the cells to 
be converted to sulfite. The (CQOos-release 
stimulated by these compounds, along with 
dilution of K by sodium chloride and uptake 
of hexose, result in reversal of the metabolic 
inhibition found in the epididymis. 

Summary. Neither cysteine, glutathione 
nor sulfate exhibit a measurable effect on 
anaerobic glycolysis nor on its inhibition by 
high p COs. Sulfide, at higher than physio- 
logical levels, and sulfite, in amounts found 
in semen, stimulate anaerobic glycolysis and 
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reverse inhibition of glycolysis by COn. 
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Several laboratories have presented data 
which seem to indicate that injured cells pro- 
duce or cause production of a factor or factors 
having ability to alter rate of healing of 
wounds. These data have been obtained by 
observing the effects of extracts of crushed 
tissues when applied directly to healing 
wounds or when administered parenterally to 
wounded animals(1-3). Sandblom(4) and 
Auerbach(5) reported that the presence of 
injured tissue in the body causes production 
of factors appearing in the circulation, which 
affect rate of healing. They also observed 
that, when 2 wounds are consecutively in- 


* This investigation was supported in part by 
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flicted in the same animal, rate of healing of 
the second wound appears affected by pres- 
ence of the previously inflicted wound. Me- 
tabolism of nitrogen and sulfur have been 
shown to be markedly altered during healing 
of experimental wounds. As a result of 
wounding, the amount of urinary nitrogen in- 
creases sharply, while at the same time there 
is a relative retention of sulfur compounds 
by the wounded animal(6-9). At this time 
also, proteins rich in cystine and methionine 
are synthesized in regenerating wound tissue; 
these newly synthesized proteins must be con- 
sidered to be distinct from collagen, since this 
latter protein contains no cystine and very 
little, if any, methionine(14). In this study, 
the effects of factor(s) released into blood by 
the stimulus of wounding, as they affect me- 


190 PLASMA FROM WOUNDED DONORS 


tabolism of nitrogen and sulfur, were investi- 
gated. 

Methods. Adult female white rats weigh- 
ing 220 + 20 g were used. Wounded animals 
used as source of plasma, and animals for the 
metabolic studies were kept in individual me- 
tabolism cages during experiment. Rats 
used as blood donors were fed commercial 
stock diet, ad lib., while those used in meta- 
bolic studies were given 8 g of protein-free 
diet daily(12). Each experimental rat com- 
pletely consumed this diet in 24 hours. 
Plasma from donor rats was obtained as fol- 
lows. After anesthetizing rats with nem- 
butal, half of the animals were wounded by 
excising a circle of skin 4 cm in diameter, 
through the fascia to the muscle, in region of 
neck and shoulder blades. On day following 
wounding, and for 4 to 6 days thereafter, 2-4 
ml samples of blood were obtained from each 
animal by heart puncture. Heparin was used 
to inhibit clotting. Plasma was immediately 
centrifuged free from cells and dried by lyo- 
philization. The dried plasma was pooled 
and stored until used, in a desiccator at 5°C. 
Comparison of the effect of plasma from nor- 
mal and wounded animals, on nitrogen and 
sulfur metabolism was undertaken by using 
3 groups of 8 rats. These animals were accli- 
mated to the protein-free diet for 3 days prior 
to start of experiment. Thereafter, each rat 
in Group I was given intraperitoneally 50 mg 
of dried plasma obtained from wounded rats 
(redissolved in 0.5 ml of water); animals in 
Group II were given the same amount of 
plasma from normal unwounded donors, while 
those in Group III were injected with 0.5 ml 
of 0.15 M NaCl solution. These solutions 
were administered twice daily at about 12 
hour intervals. Each rat was also given an 
isotonic saline solution containing 5 x 10° 
counts/minute of S?° labeled L-cystine. La- 
beled amino acid was given only once at time 
of first administration of plasma. Adminis- 
tration of pooled plasma and saline were con- 
tinued for 10 days. During experimental pe- 
riod, 24-hour urine samples were collected and 
analyzed for nitrogen, total sulfur and S®°. 
Nitrogen was determined by micro-kjeldahl 
method; sulfur by modification of the method 


of Toennies and Bakay(10), the digestion of 
samples being carried out with concentrated 
nitric acid and 30% hydrogen peroxide. S*° 
activity was determined by counting BaSO, 
samples at infinite thickness in Tracerlab SC- 
16 windowless gas-flow counter. 


Results. Comparison of total urinary ni- 
trogen excreted by rats in 3 experimental 
groups is plotted in Fig. 1. Animals receiv- 
ing plasma from wounded donors and those 
given isotonic saline excreted the same amount 
of nitrogen. This level of excretion was sig- 
nificantly less than nitrogen output of rats 
given plasma from normal donors. Since 
plasma nitrogen administered to animals in 
Groups I and II was essentially the same, the 
difference in nitrogen excretion must be at- 
tributed to some cause other than nitrogen in- 
take. Differences in nitrogen output are in- 
explicable unless one considers the possibility 
of qualitative differences in plasma obtained 
from wounded and normal donor animals. It 
then seems probable that these effects may be 
brought about by some substance of a hor- 
monal nature. 


The data on excretion of sulfur (Fig. 2) in- 
dicate that significantly less was excreted by 
animals receiving plasma from wounded rats 
as compared to those receiving normal plasma. 
This situation is somewhat analogous to that 
observed when excretion of sulfur by wounded 
rats is compared to that in unwounded con- 
trol rats(13). 


In Fig. 3 is presented excretion of S®° by 
the 3 groups of rats. Again, significantly 
more of the isotope is excreted by rats given 
normal plasma than by the other 2 groups. 
Administration of plasma from normal rats 
seems to have stimulated an increased excre- 
tion of S*°-labeled metabolites, as well as ni- 
trogen, while plasma from wounded donors 
appears to cause retention of labeled sulfur.. 
It is possible that differences in the metabolic 
picture displayed by rats in Groups II and 
III may be due to additional protein available 
to animals in Group II. 

On 10th day of experiment, the rats were 
killed and weight of various organs among 
the 3 groups was compared. No significant 
difference in organs from each group was 
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TABLE I. Organ Weights of Rats Given Plasma 
from Normal and Wounded Rats. 


——Kidney t——, »——Livert———_, 


: 8/100 g g/100 g 
Group Organwt,g body wt Organwt,g body wt 
Tete 1.577 .828 6.01 3.20 
Yan 1.860 1.000 8.64 4.58 
INU 1.451 hon 6.50 3.57 


* Group I, 100 mg of plasma solids/rat/day from 
wounded donors. Group II, 100 mg of plasma 
solids/rat/day from normal donors. Group III, 1.0 
ml of saline/rat/day. 

t Statistical difference between Group I and II 
and between II and III: p <0.01. No significant 
difference between Groups I and III. 


found except in the case of liver and kidneys, 
which were heavier in animals of Group II 
(normal plasma) than in the other groups 
(Table I). It seems probable that the 
greater weight of these organs, as well as the 
greater excretion of nitrogen and sulfur by 
rats receiving normal plasma reflects some de- 
gree of loss of muscle protein. The possibility 
that stress of repeated withdrawals of blood 
may be sufficient to cause increased plasma 
ACTH level(11) cannot be discounted. Thus, 
it may be considered that administration of 
normal plasma resulted in changes in metabo- 
lism of protein deficient animals, and that 
these changes were counteracted by some sub- 
stance in plasma obtained from wounded ani- 
mals. 

Summary. Rats, on a protein deficient diet, 
were given’ reconstituted plasma from 
wounded donors. These animals excreted less 
nitrogen and sulfur than did comparable rats 
given plasma from normal donors. Similar 
results were obtained on excretion of S*°, ad- 
ministered as labeled cystine. After 10 days, 
liver and kidney of rats receiving normal 
plasma were significantly heavier than in rats 
getting plasma from wounded animals. The 
data appear to indicate that plasma from 
wounded rats contains a factor(s) which af- 
fects metabolism of nitrogen and sulfur. 


FIG. 1. Total cumulative output of nitrogen in 


mg/day. 

FIG. 2. Total cumulative exeretion of sulfur in 
mg/day. 

FIG. 3. Total cumulative exeretion of S® in 


counts/min. X 10%, corrected for decay to time of 
administration. S® was administered in form of 
cystine-S®, 
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Bovine Ocular Squamous Cell Carcinoma II. Tissue Culture Studies of 


Papilloma.* 


(24879) 


J. A. Sykes, L. DMocHowski AND W. O. RussEtit? 
Section of Virology and Electron Microscopy, and Dept. of Pathology, University of Texas M. D. 
Anderson Hospital and Tumor Institute; and Dept. of Microbiology, Baylor University 
College of Medicine, Houston, Texas 


Studies on pathological anatomy of bovine 
ocular squamous cell carcinoma demonstrated 
eosinophilic, cytoplasmic inclusion-like bodies 
in cells of both benign precursor and malig- 
nant lesions(1). Plaque and papilloma, be- 
nign precursor lesions, exhibited bi-laterality, 
disappearance and reappearance, which sug- 
gested a virus may be involved in the etiology 
of this disease. Tissue culture studies of cells 
derived from plaque lesions(2) have shown 
characteristic changes suggestive of a filter- 
able agent. As a result of these preliminary 
findings, tissue culture studies of papilloma 
were undertaken to determine whether similar 
changes also occur in cells from papilloma 
grown in vitro. 

Materials and methods. The method of 
removal of the lesions, treatment for trans- 
portation to the laboratory, subsequent treat- 
ment in laboratory and methods used for de- 
tailed study of cellular outgrowths from le- 


* This work was supported by Research Grants 
from Nat. Cancer Inst., N.I.H., U.S.P.HS. 

t Invaluable cooperation of ranch owners and the 
help in histological diagnosis of specimens by Dr. E. 
Staten Wynne is gratefully acknowledged. 
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sions have already been described(2,3,4). 
Results. Phase contrast microscopy of cells 
derived from papillomata growing in specially 
designed chambers(2) has confirmed and ex- 
tended preliminary observations on stained 
cultures in T-30 culture flasks examined at 
low magnifications by bright field microscopy. 
The cells derived from papillomata are epi- 
thelioid in character, relatively uniform in 
size measuring 0.01 mm in diameter, and fre- 
quently multinucleated (Fig. 1). Occasional 
large cells are seen as much as 0.03 mm in 
diameter; these cells are always multinucle- 
ated. The cells exhibit well marked tono- 
fibrils, mitochondria long and interlacing are 
well developed (Fig. 2). Pinocytosis is 
marked, many cells showing cytoplasmic fim- 
briae (Fig. 3). Cells frequently exhibit vacu- 
olisation of cytoplasm. Such cells occur in_ 
scattered foci. Vacuoles are found in the 
perinuclear zone and contain dense homoge- 
neous material (Fig. 4). Cytoplasmic inclu- 
sions, irregular in outline, and not associated 
with presence of vacuoles also occur (Fig. 5). 
The nuclei contain multiple nucleoli of vari- 
able size and shape, and occasionally show 
margination of chromatin (Fig. 6). As in 
cells derived from plaque lesions, vacuolisa- 
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Photographs were made with the phase optics on a 
Zeiss Microscope, Model No. GFL-65, using the 35 
mm camera attachment. 


FIG. 1. Cells derived from papilloma, a precursor 
lesion of bovine ocular squamous-cell carcinoma. 
22nd passage, 11 day S-M chamber culture. x 70. 

FIG. 2. Cell showing well developed mitochon- 
dria and cytoplasmic inclusion. 5th passage, 3 day 
S-M chamber culture. x 195. 

FIG. 3. Cells showing well developed cytoplasmic 
fimbriae. 22nd passage, 8 day S-M chamber cul- 
ture. X 350. 

FIG. 4. Part of a cell with perinuclear vacuoli- 
sation and early inclusion formation. 22nd pas- 
sage, 11 day S-M chamber culture. X 350. 

FIG. 5. Cells showing perinuclear vacuolisation 
and cytoplasmic inclusions. 12th passage, 7 day 
S-M chamber culture. XX 350. 

FIG. 6. Part of a large cell with nucleus show- 
ing multiple nucleoli and early margination of 
chromatin. Perinuclear vacuoles containing early 
inclusions are also seen. 22nd passage, 9 day S-M 
chamber culture. XX 350. 
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tion of cytoplasm, when it occurs, spreads 
peripherally to adjacent cells and leads to loss 
of culture. Vacuolisation is less frequent and 
occurs later in cell cultures derived from papil- 
lomata than in cultures derived from plaque 
lesions. It has been observed in cells of cul- 
tures of seventh and subsequent passages. 
Cultures of a number of papillomata have 
been maintained for more than 50 sequential 
passages over 30 weeks. Thirty-three papil- 
lomata have been put into culture: 4 were 
maintained for 4 weeks or less; 17 for more 
than 8 weeks; 9 for more than 18 weeks and 
3 for more than 30 weeks. Cells derived from 
7 papillomata are presently in culture, 3 have 
been in culture for more than 30 weeks, 4 for 
more than 12 weeks. Studies are in progress 
to determine the nature of changes which lead 
to loss of cultures. 

Summary. Properties of cells derived from 
papillomata lesions of bovine ocular squa- 
mous-cell carcinoma grown in vitro are de- 
scribed. The cells have been observed, after 
7 or more passages, to exhibit cytoplasmic 
changes which commonly result in loss of the 
culture. In some cultures changes have not 
been observed after more than 50 passages. 
The nature of the changes is being investi- 
gated. 


1. Russell, W. O., Wynne, E. S., Loquvam, G., 
Cancer, 1956, v9, 1. 

2. Sykes, J. A., Moore, E. B., Proc. Soc. Exp. Biot. 
AND Mep., 1959, v100, 125. 

3. Sykes, J. A.. Dmochowski, L., Russell, W. O., 
ibid., 1959, 

4. Sykes, J. A., Dmochowski, L., Russell, W. O., 
Wynne, E. S., 1958, Proc. Tiss. Cult. Assoc. 16, Abst. 


Received March 23 1959. P.S.E.B.M., 1959, v101. 


194 


Effect of Estrogen upon Thyroxine Secretion Rate in Intact Female Rats.* 


(24880) 


CrarK E. GROSVENOR! AND CHARLES W. TURNER 
Dept. of Dairy Husbandry, University of Missouri, Columbia 


Estrogen administration has been .reported 
to increase(1-5), to have little or no effect (6- 
8), and to depress thyroid activity(4,9). 
Some investigators have indicated that estro- 
gens may stimulate or depress thyroid func- 
tion, depending upon dose and period of treat- 
ment(1,4,10,11). In these studies many in- 
dices of thyroid function have been used, such 
as I'*! uptake, rate of thyroidal I'*' release, 
hyperplasia and thyroid cytology. In view 
of conflicting results and limitations of some 
methods used in assessing thyroid activity, it 
seemed desirable to reinvestigate the influence 
of various levels of estrogen upon thyroid ac- 
tivity in female rats. This was done by em- 
ploying the technic of thyroxine replacement 
and thereby estimating daily thyroxine secre- 
tion rate. 

Materials and methods. Young mature fe- 
male rats of Sprague-Dawley-Rolfsmeyer 
strain weighing 240-260 g were housed for 
3-4 weeks after purchase, under uniform tem- 
perature (78-80° F) in animal room artifi- 
cially illuminated during regular daylight 
hours. They were given Purina Lab Chow 
and fresh water daily. Exp. J. Seventy-one 
rats were injected intraperitoneally with 2 pc 
of carrier-free I'*!. Forty-eight hours were 
allowed for fixation of I?! by thyroid gland. 
External neck counts were made at this time 
and at 2-day intervals thereafter by first an- 
aesthetizing each animal with ether, then plac- 
ing it on lead plate with thyroid region over 
a scintillation probe containing a 1” Nal crys- 
tal. Measurements of thyroidal radioactivity 
were made with a scintillation counter, Nu- 
clear-Chicago (N.C. Model DS5-3) connected 
to rate meter (N.C. Model 1620A). Conven- 
tional corrections were. made for radioactive 
decay and background. After initial thyroid 


* Contribution from Mo. Agr. Exp. Sta. Journal 
Series No. 1981. Approved by the Director. 

t Postdoctoral Fellow of N.I.H. This investigation 
supported in part by research grants from Public 
Health Service. 


count, subsequent neck counts were made on 
days 4 and 6 after I'*! injection to establish 
that thyroidal I'*! release was proceeding nor- 
mally. Fifty-seven rats were injected subcu- 
taneously with 1, 3.6, 15 or 50 pg/day estra- 
diol benzoate (E.B.) in .1 ml olive oil com- 
mencing 5 days after injection of I**4 and 
continuing until thyroid secretion rate was 
reached (5-9 days). Fourteen control rats 
were similarly treated with .1 ml olive oil/day. 
Each rat was injected subcutaneously with .5 
ug/100 g/day I|-thyroxine for 2 days com- 
mencing 6 days after I’*4. Dose was increased 
at .5 wg/100 g increments, each level for 2 
consecutive days with thyroid count taken the 
day of each increase. Thyroxine secretion rate 
(TSR) was estimated by plotting percentage 
of previous count with thyroxine dose. The 
dose which prevented further thyroidal I/*4 
output in each rat (95-100% of previous 
count) was estimated as its TSR. Exp. IJ. 
Fifty-eight additional female rats were in- 
jected with 1, 3.6, 15 or 50 pg/day E.B. for 5 
days. Eighteen served as controls of which 
half were injected with .1 ml olive oil/day. 
Body weight of each rat was recorded. daily. 
Twenty-four hours after last injection, each 
animal was weighed and killed with ether. 
Thyroid, pituitary and adrenal glands were 
rapidly removed, blotted to remove surface 
moisture and weighed to nearest .1 mg on a 
Roller-Smith Torsion balance. 

Results. The influence of various levels of 
E.B. upon average daily thyroxine secretion 
rate (TSR) of young mature female rats is 
presented in Table I. Only 3.6 pwg/day re- 
sulted in significant increase of 35.5% over 
control value of 1.24 »g/100 g/day 1-thyrox- 
ine. Body weight was not adversely affected 
by injection of 1 or 3.6 wg/day E.B. for 5 
days. Administration of 15 or 50 yg/day for 
same period, however, caused a decrease in 
body weight of 2 and 5.7% respectively (Ta- 
ble IT). Each rat was given the same quan- 
tity of food each day but those injected with 
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TABLE I. Effect of Estradiol Benzoate upon Thy- 
roxine Secretion Rate in Female Rats. 


tive, and values obtained cannot be translated 
into quantitative terms(12). The technic of 


Thyroxine measuring daily thyroxine secretion rate 
secretion rate ; Cre . 
EB treatment No. of Initial (ug/100 g/day (TSR) is a quantitative measure of thyroid 
(ug/day) rats body wt (g) 1-thyroxine) activity based upon the classical procedure in 
Control 14 244.4 1.24 + .10 physiology of hormonal replacement. Results 
1.0 15 253.9 1.13 + .11 of our study based on this method clearly in- 
3.6 14 244.3 1.68 + .06" — dicate that a relatively low level of estradiol 
15.0 14 253.5 1529-209) Shite 
50.0 14 956.0 1.25 + .07 benzoate (3.6 pg/day) administered for a 


* Significant at 1% level. 


15 or 50 pg/day apparently did not consume 
as much food as control animals since food 
progressively accumulated in their cages dur- 
ing period of treatment. Because of loss in 
body weight resulting from treatment with 
larger doses of E.B., weights of pituitary, thy- 
roid and adrenal glands are expressed as mg/ 
100 g initial body weight (Table IT). Injec- 
tion of 1 or 3.6 »g/day did not affect thyroid 
weight but significant increases of 18.6 and 
26.7% occurred following administration of 
15 and 50 pg/day for 5 days. Adrenal weights 
were lower in all groups with a significant de- 
pression occurring only in the 50 ypg/day 
group. Pituitary weight, however, was sig- 
nificantly increased over controls in all but 
the 1 pg/day group. Maximum pituitary 
weight increase (42.6%) resulted from treat- 
ment with 15 »g/day level of E.B. 

Discussion. The effect of various estrogens 
upon thyroid function has interested many in- 
vestigators. Results however, have been con- 
flicting due in part to varying time-dose rela- 
tionships, species or strain differences and in 
technics used in evaluating thyroid function. 
Since I'*! became available, more sensitive 
methods have replaced those based on mor- 
phological changes of thyroid gland. The 2 
most widely used, I'*! uptake and rate of re- 
lease of thyroidal I?*+, are, however, qualita- 


TABLE II. Some Effects of Estradiol Benzoate in Female Rats. 


short period markedly increased daily thyroid 
hormone output, whereas higher levels had 
no effect. Increase in TSR was not, however, 
associated with increase in weight of thyroid 
gland. It has been reported that estrogen de- 
presses appetite and body weight in labora- 
tory animals(13,14) which may lead to di- 
minished thyrotropin secretion by the pitui- 
tary gland(5,13). The failure of 15 and 50 
pug/day E.B. in our study to increase signifi- 
cantly TSR, may perhaps be explained on this 
basis since a decrease in appetite and body 
weight occurred. These levels, however, elici- 
ted marked increase in thyroid weight which 
may indicate a compensatory enlargement has 
occurred as a result of partial inanition(5). 
It is also possible that high levels of E.B. 
stimulate the thyroid directly(1) or that thy- 
roid weight increase may be due in part to the 
well known vasodilating action of estrogen 
with resulting hyperemia. 

It is thought that the increasing level of es- 
trogen secreted during late pregnancy is re- 
sponsible for increased secretion of lactogenic 
hormone by the pituitary(15). The signifi- 
cant increase in TSR obtained in our study 
with a dose of E.B. (3.6 pg/day), slightly 
higher than the accepted physiological dose 
in rats, suggests that increased secretion of 
estrogen in late pregnancy may also provide 
the stimulus for secretion of increased amounts 
of thyrotropin and, subsequently, more thy- 


(E.B. inj. daily for 5 days.) 


c Avg ~ 
EB treatment No. of Body wt (g) Pituitary Adrenals Thyroid 
(ug/day) rats Initial Final % change ———mg/100 g initial body wt———\, 
Control 18 254.3 257.7 +1.3 AOE lO aie = coll) 4:08) 2015 
1.0 15 256.2 258.6 + 9 5.08 = .13 Zone 0o | 4.50/22 211 
3.6 14 246.4 248.0 +1.1 yes an it Physortlglley atolls aly 
15.0 15 250.4 245.4 — 2.0 G78anst ao) 926.626 109" 5:00 226" 
50.0 14 253.1 238.7 —5.7 OPHsSS AG Web Gvoe ake) ua) oe Galle 


* Significant at 1% level from control. t Significant at 5% level from control. 
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roxine for lactation. This would provide an 
explanation for the significant increase in thy- 
roid hormone output which occurs during 
early lactation in rats(16) and sheep(17). 
Summary. The effect of various levels of 
estradiol benzoate (E.B.) upon thyroxine se- 
cretion rate (TSR) has been studied in young 
mature female rats. A dose of 3.6 pg/day 
E.B. caused significant increase of 35.5% in 
TSR over average control value of 1.24 pg/ 
100 g/day 1-thyroxine while 1, 15 or 50 pg/ 
day had no effect. In another experiment, 
body weight and thyroid weight/100 g were 
not affected by injecting 1 or 3.6 »g/day E.B. 
for 5 days. Thyroid weight/100 g was sig- 
nificantly increased while appetite and body 
weight were markedly reduced following 15 or 
50 pg/day for same period. Pituitary weight/ 
100 g was significantly increased in all but 
the 1 »g/day group. Adrenal weights/100 g 
were lower in all groups with significant de- 
pression occurring in 50 yg/day group. These 
data are discussed in relation to stimulation or 
depression of thyroid activity by estrogen. 
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Holmes and Robins(1) found that 2-for- 
myl-1-methylpyridinium iodide oxime (2- 
PAM) induces paralysis of isolated phrenic 
nerve-diaphragm preparation of the rat; the 
curaremimetic action of this compound has 
been corroborated for calf muscles of the cat, 
excited in situ through sciatic nerve stimula- 
tion by ourselves and for adductor muscle of 
human little finger, excited by stimulation of 
ulnar nerve(2). In addition, 2-PAM (5 x 
10% M) decreases rate of shortening of iso- 
lated rectus abdominis of the frog in response 
to acetylcholine, but smaller concentrations 
of 2-PAM increase this rate(3). Grob and 
Johns reported also(2) that some patients 


given 2-PAM intravenously experienced there- 
after orthostatic tachycardia and hypotension. 
These findings, and those that 2-PAM is par- 
ticularly active in promoting reactivation of 
inhibited cholinesterase in cholinergic neurons 
of ganglia(4) and in motor end-plates of skele- 
tal muscle(4,5), suggest that the oxime has 
a special affinity for nicotinic effectors, where 
it has a depolarising action of its own and also 
competes with other quaternary molecules 
(acetylcholine, for example) for the receptor 
site. Wagley(6) found, indeed, a reversible 
increase of about 40% in end-plate potential 
of frog muscle treated with 2-PAM in vitro; 
this is the type of change expected from a de- 
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FIG. 1. Effects of 2-PAM (P) on neuromuscular 
block induced in the cat by d-tubocurarine (T), 
succinyleholine (S) or decamethonium (D). 


polarising agent. Contradictory of the above 
suggestion is the report of Holmes and Robins 
(1) that oximes had no effect on transmission 
blocks induced in isolated phrenic nerve-dia- 
phragm preparation by d-tubocurarine, suc- 
cinylcholine or decamethonium. 

Methods. The present work was under- 
taken to restudy effects of 2-PAM on acute 
neuromuscular block. Cats prepared in our 
usual manner(7) were used, contractions of 
the gastrocnemius-soleus-tibialis anticus mus- 
cle group in response to electrical stimulation 
(one shock every 2 seconds) of the sciatic 
nerve being recorded kymographically. In- 
travenous injections of d-tubocurarine chlor- 
ide(0.1 mg/kg), of succinylcholine chloride 
(0.05 mg/kg) or of decamethonium bromide 
(0.06 mg/kg) were used to produce a marked 
decrease in response of muscle to just supra- 
maximal nerve stimulation. During period of 
reduced response, one or 2 intravenous injec- 
tions of 5 mg/kg of 2-PAM were made. 
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Typical results are shown in the Figure. In- 
jection of 2-PAM into cats treated previously 
with d-tubocurarine induced some increase in 
response to motor nerve excitation; similar 
injections into cats given initially succinyl- 
choline or decamethonium intensified the de- 
crement of response induced by the first com- 
pound. 

These results, unlike those of Holmes and 
Robins(1), show that 2-PAM has effects on 
neuromuscular blocks induced by d-tubocur- 
arine, succinylcholine or decamethonium. 
That block induced by d-tubocurarine is an- 
tagonised by 2-PAM but that those induced 
by succinylcholine or decamethonium are in- 
tensified by oxime supports the idea that 2- 
PAM has a depolarising action at the neuro- 
muscular junction, antagonising block pro- 
duced there by competitive blocker d-tubo- 
curarine and intensifying those produced by 
depolarising blockers succinylcholine and de- 
camethonium. 

Summary. In the anesthetized cat, i.v. in- 
jection of 2-PAM lessens neuromuscular 
block induced by d-tubocurarine but intensi- 
fies that induced by succinylcholine or de- 
camethonium. In addition to being a reacti- 
vator of cholinesterase inhibited by P-contain- 
ing anticholinesterases, 2-PAM may depola- 
rise the neuromuscular junction. 
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Influence of Compound 48/80, Protamine and Other Substances on 
Rabbit Blood Basophils in vitro.* (24882) 


A.-W. A. BosEtLat anp G. AsBoE-HANSEN 
Connective Tissue Research Laboratory, University Inst. of Medical Anatomy, Copenhagen, Denmark 


Basophil leucocytes and tissue mast cells 
have some morphological similarities and have 
been claimed to be functionally related (3,6,7). 
Both cells have been reported to contain his- 
tamine(8,13), heparin or heparin-like sub- 
stances(9,10) as well as hyaluronic acid(1,4). 
In certain species, tissue mast cells contain 
serotonin (5-hydroxytryptamine) (5). Asboe- 
Hansen and Glick(2) showed that, im vitro, 
the histamine liberator substance 48/80 and 
protamine sulfate prevented metachromatic 
staining of rat peritoneal mast cells. These 
agents and serotonin caused clumping of the 
cells. Hyaluronidase partially removed the 
granules of mast cells. Jn vivo, compound 48/ 
80 brings about a decrease in blood basophil 
count in rabbits(6). The present work was 
undertaken to study the influence of sub- 
stances related to mast cell physiology on 
blood basophils in vitro. 

Methods. Rabbits with high basophil 
counts were chosen. Blood obtained from ear 
vein and collected in tube containing dried 
anticoagulant mixture of ammonium and po- 
tassium oxalate was used. Fifty pl of blood 
was added to 50 ul of the agent dissolved in 
sterile Tyrode solution at pH 7.4. After mix- 
ing, blood agent mixtures were incubated at 
37°C for 20 minutes. Thereafter, a sample 
of blood agent mixture was diluted 1:5 with 
modified(6) Moore and James toluidine blue 
diluting fluid(11). To control the possible ef- 
fect of plasma protein parallel experiments 
were performed using blood corpuscles washed 
3 times with sterile Tyrode solution. Cham- 
ber counting of all white blood cells and of 
basophils was performed as previously de- 
scribed(6). In each sample 200 basophils or 
more were counted. Controls were carried 
out using similar volume of sterile Tyrode so- 


* Supported by grants from Danish Rheumatism 
Assn., Danish Anti-Cancer League, and Eli Lilly and 
Co., Indianapolis, Ind. 

t On leave from Histology Dept., Faculty of Medi- 
cine, Cairo Univ., Egypt. 


lution at pH 7.4 for incubation with blood. 
The agents used are listed in Table I. 


Results. Control basophil and total white 
cell counts were considered 100%, and to this 
the other counts were related. There was no 
apparent difference between whole and washed 
blood. Both compound 48/80 and protamine 
sulfate caused a decrease in number of baso- 
phils but not in total white cell count. The 
same effect was observed whether incubation 
with either agent was performed before or 
after staining with toluidine blue. Histamine, 
serotonin and hyaluronic acid which are sup- 
posed to be contained in mast cells, did not in- 
fluence the count of basophil leucocytes or of 
white cells. As seen in Table I, basophil and 
total white cell counts were lower in blood 
samples stained with toluidine blue after in- 
cubation with heparin. If stained with gen- 
tian violet acetic acid solution, the total white 
cell count did not differ from control count. 
Normal counts were also observed after incu- 
bation with histamine antagonists mepyra- 
mine and pyribenzamine, the serotonin re- 
leaser reserpine, and with testicular hyaluroni- 
dase. 


Discussion. In some respects, the results 
of this experiment accord with that performed 
by Asboe-Hansen and Glick(2) on isolated 
rat peritoneal mast cells. The influence of 
histamine releaser compound 48/80 and of 
protamine on basophils, was like that on mast 
cells, destaining and preventing metachro- 
matic staining of their granules. Both sub- 
stances are known to have a certain affinity 
for acid mucopolysaccharides(12). Hyalu-- 
ronidase did not break down the granular 
content. Heparin, an acid mucopolysaccha- 
ride with strong affinity for metachromatic 
stains, when added to blood sample, appeared 
to bind most of the toluidine blue. Conse- 
quently, the rest of the dye was unable to 
render all basophils or other leucocytes detec- 
table. A control experiment involving gentian 
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TABLE I. In Vitro Influence of Various Agents on Basophil and Total White Blood Cell 
Count in Rabbit Blood. 


Counts in % of control 


Final Total 
Agent cone., %  Basophils leucocytes 

A. Incubation before toluidine blue staining: 
Heparin* (110 i.e./mg) 5 76 39 
Histamine hydrochloride 2 102 104 
Serotonin creatinine sulphatet S 113 90 
Hyaluronic acid} (umbilical cord) 4 100 80 
Protamine sulphates i 15 107 
Mepyramine of 99 89 
Pyribenzamine|| 4 102 101 
Compound 48/80§ A 8 LS 
Reserpine 2 Oe 110 
Testicular hyaluronidaset ( 100 VRU/mg) 1.0 97 103 
Idemt (3000 ) ail 109 104 
y (heated at 70°C, 40 hr) Hs 86 99 

B. Incubation before gentian violet staining: 
Heparin* 5 104 

C. Incubation after toluidine blue staining: 

Protamine sulphates 9) 43 105 
a 0 90 


Compound 48/804 


* Leo, Copenhagen, Denmark. 
Halsingborg, Sweden. 
land, 


violet staining substantiated this view. 


Summary. Metachromatic stainability of 
rabbit basophils was prevented by compound 
48/80 and protamine. If already stained with 
toluidine blue, the stain was abolished. He- 
parin apparently combined with the toluidine 
blue stain, thus accounting for a decrease in 
counts of basophils and other white cells. 
Hyaluronic acid, histamine, serotonin, as well 
as testicular hyaluronidase, antihistamines 
mepyramine and pyribenzamine, serotonin re- 
leaser reserpine, produced no change in count 
of basophil leucocytes or other white blood 
cells. 
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